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ABSTRACT 
A new and general method for the regiospecific 
O-alkylation of 1 -substituted--3-hYdrOXYPYrrOleS 
[1H-pyrrol-3(2H)-ones] has been developed using alkyl 
tosylates in dimethylimidazolidiflOfle. 	The chemical 
properties of these novel 3-alkoxypyrroles were studied 
and compared to those of the corresponding 3-hydroxy- 
pyrroles. 	Thus reactivity towards electrophiles shows 
that the 2-position is the most reactive; if this 
position is blocked then reaction occurs at the 5-position 
unless there are steric effects. 	Reactions with a range 
of dienophiles including dimethyl acetylenedicarboxylate 
exhibit competition between Michael addition and cyclo-
addition reactions; the crystal structures of some novel 
cycloadducts are reported. 	The preparation of N-alkenyl 
pyrrol-3-ones is also discussed. 
A new synthesis of thiophen-3(2H)-ones (3-hydroxy-
thiophenes) by pyrolysis of 5-alkyithiomethylene Meidrum's 
acid derivatives is described. 	The route is applicable 
to 2-mono-, 5-mono- and 2,2-disubstituted examples as well 
as the parent unsubstituted compound. 	The method was 
extended to give 5-substituted pyrrolones. 	A general 
study of the spectroscopic and chemical properties of these 
thiophenones was carried out including reactions with 
nucleophiles, electrophiles and free radicals. 
The synthetic methodology discussed including 
pyrolytic ring synthesis, regiospecific O-alkylation 
and reaction with electrophiles was applied to the 
preparation of three-ring systems related to those 
found in prodigiosin analogues. 
CONTENTS 
Page 
INTRODUCTION: A COMPARATIVE STUDY OF 3-HYDROXY 
THIOPHENES, 3-HYDROXYPYRROLES, AND 3-HYDROXY-
FURANS 
SYNTHESES 	 3 
TAUTOMERISM 	 17 
REACTIVITY 	 27 
DISCUSSION 	 54 
A. 	O-ALKYLATION OF N-SUBSTITUTED 1H-PYRROL- 
3(2H)-ONES 	 55 
B. 	REACTIVITY OF 3-HYDROXYPYRROLES 
[1H-PYRROL-3 (2H) -ONES] AND 3-METHOXY- 
PYRROLES 	 68 
Oxidation 	 68 
Reactions with ElectrophileS 	 77 
C. 	ALKENYL PYRROLES 	 146 
D. 	THIOPHEN-3(2H) -ONES 	 162 
(i) Preparation of Precursors 	 163 
Page 
Mechanism of Thiophen-3(2H)--one 
Formation 	 178 
Scope of Thiophen-3(2H)-one 
Preparation 	 183 
E. 	5-SUBSTITUTED PYRROLONES AND THIOPHENONES 	187 
Preparation and N.m.r. Properties 
of Precursors 	 187 
Scope of 5-Substituted Pyrrolone 
and Thiophenone Preparation 	 193 
F. 	THE STRUCTURAL, PHYSICAL AND SPECTROSCOPIC 
PROPERTIES OF THIOPHEN-3(2H)-ONES 	 197 
Structure in the Solid State 	 198 
Tautomerism in Solution 	 207 
N.m.r. Spectra of Thiophen-3(2H)--ones 	215 
N.m.r. Spectra of 3-Hydroxythiophenes 	224 
G. 	THE REACTIVITY OF THIOPHEN-3(2H) -ONES 
(3-HYDROXYTHIOPHENES) 	 234 
(1) 	General Stability 	 234 
(ii) Reactions with Nucleophiles 	 237 
(iii) Reactions with Electrophiles 	 242 
H. 	PRODIGIOSIN ANALOGUES 	 268 
Page 
EXPERIMENTAL SECTION 	 280 
A. 	INSTRUMENTATION AND GENERAL TECHNIQUES 	 283 
B. 	PYROLYSIS APPARATUS AND METHOD 	 286 
C. 	PREPARATION OF PYRROL-3-014ES AND 
3-ALKOXYPYRROLES 	 S 	 289 
Preparation of Precursors 	 289 
Pyrolysis of Precursors 	 291 
O-Alkylation of Pyrrol-3-ones 	 294 
D. 	REACTIVITY OF 3-HYDROXYPYRROLES AND 
3 -ALKOXYPYRROLES 	 298 
Oxidation of Alkoxypyrroles 	 298 
Reactions with Electrophiles 	 299 
Reactions with Dienophiles 	 307 
E. 	ALKENYL PYRROL-3-ONES 	 315 
Preparation of Oxazolidines 	 315 
Preparation of Precursors 	 316 
Pyrolysis of Precursors 	 318 
Page 
F. 	THIOPHEN-3(2H) -ONES 	 321 
Preparation of Precursors 	 322 
Pyrolysis of Precursors 	 326 
The Use of Chiral Shift Reagent 	 328 
G. 	5-SUBSTITUTED PYRROLONES AND THIOPHENONES 	329 
Preparation of Precursors 	 329 
Pyrolysis of Precursors 	 334 
H. 	STRUCTURE, PHYSICAL AND SPECTROSCOPIC 
PROPERTIES OF THIOP EIENONES 	 337 
Stability 
	 337 
Reaction with Electrophiles 	 338 
Reaction with Nucleophiles 	 343 
Reaction with Radicals 	 344 
I. 	PRODIGIOSIN ANALOGUES 	 347 
REFERENCES 	 354 
PUBLICATIONS 	 367 
I N T R 0 D U C T I 0 N 
A COMPARATIVE STUDY OF 3 —HYDROXYTHI OPHENES 
3 —HYDROXYPYRROLES AND 3 —HYDROXYFURANS 
Thiophene, pyrrole and furan are 7-excessive 
1,2,3 
electron-rich heterocycles 	, therefore, incorporating 
a conjugative electron-donating substituent would be 
expected to increase the n-electron density even further 
with consequent effects on stability and reactivity. 
For the special case of a 3-hydroxy substituent the system 
can compensate by tautomerism to the keto tautomer 
(Scheme 1) 
OH 
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X- S, NH or 0. 
Scheme 1. 
The ability to tautornerise between the aromatic hydroxy 
form (A) and the conjugated enone form (B) leads to a 
wide and varied range of chemical-reactivity. 	However, 
until recently simple 3-hydroxypyrroles without stabilis-
ing electron-withdrawing groups were unavailable 
4,5  and 
there are no good general. synthetic routes to simple 
3-hydroxythiophenes and furans. 
The chemistry of both the 3-hydroxypyrroles 6 and 
3-hydroxythiophenes 7 have been reviewed in depth; leading 
references concerning 3-hydroxyfurans are contained in a 
ci 
review by Dean 8 . 	No general comparison of the three 
systems has been carried out to date; this review 
presents a collation of the synthesis and chemistry of 
the three heterocycles. 
A. 	SYNTHESES 
The preparations of these three heterocycles can be 
divided into two main groups, based on the nature of their 
ring substituents:- 
Those preparations which produce derivatives 
containing electron-withdrawing groups. 	These functional 
groups are required both in the starting materials to 
facilitate ring closure, and also to stabilise the products. 
Consequently these methods are usually derived from active 
methylene compounds. 
Those preparations which produce derivatives 
without electron-withdrawing groups. 
These methods are reviewed with particular emphasis 
on those which show general applicability to hydroxy-
pyrrole, thiophene and furan ring systems. 	Consequently 
this account will not be exhaustive. 
(i) As mentioned above the most common starting 
materials for this type of heterocycle are active methylene 
compounds of which 13-keto esters and malonate derivatives 
are the most frequently used. 
(a) Preparations from -keto esters 
Chemistry originally developed by Benary has provided 
4 
a convenient and high yielding route to 5-methyl-3-
hydroxy-4-carboxylic acid derivatives of both thiophene 9 
and pyrrole 1° (Scheme 2). 
CH 3 COCH 2 CO 2 E t 
2 Steps 
Ci CH 2 COCCO 2 E t 
CH 3 NH 2 
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XNH , 75 
CH 3 N42 	
—NH3 	
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(2) 	 (3) 
Scheme 2 
Both of these syntheses involve the same intermediate 
(1) which is prepared easily and in high yield in two 
steps from ethyl acetoacetate 9 ' 12 . 	Simply treating ari 
etho.nolic solution of (1) with either potassium hydrogen 
sulpiide or potassium hydrogen carbonate yields the 
appropriate hydroxythiophene (3; X=S) or hydroxypyrrole 
(3; X=NH) respectively. 	Interestingly the proposed 
mechanism for the formation of the hydroxythiophene 
R 1 CHX. COC I 
R 	CO. CH 2 CO 2 E t 
R 1 CH(OCO CH 3 )COC I 
5 
involves displacement of ammonia from a vinylogous 
amide 9. 	The presence of a 5-methyl substituent is a 
minor limitation of this widely applied synthetic 
11,13,15,16 
route 	 . 	Modifications of this route have 
been used to prepare 3-hydroxyfurans (Scheme 3) 
CO 2 Ef 	o 
R 2  >D -, R
(4) 
H/EtOH 
R 2 — Coc:CO 2 Et 
CH 3 CO 2 CHR 1 
(5) 
XoCI ; R 1 H.M e ,Ph,EfCO z CH 2 ;R 2 Me,Et,I_Pn,t_J,P 
XB r ; R 1 H 1 Me; R 2 Me 
X I ; R 1 H ; R 2 Me 
Scheme 3 
Both routes involve initial C-acylation of -keto esters 
followed by, either, base cyclisation with displacement 
15 	 17 	 18 or chloride , bromide or iodide , or by the unusual 
acid catalysed cyclisation of (5)15• 
	The yields of all 
these routes are similar, however the method involving 
displacement of chloride ion has been shown to be more 
widely applicable 15. 	As in the 3-hydroxythiophenes and 
6 
pyrroles, 5-substituted products are again obtained. 
Examples of these heterocycles with an ester sub-
stituent in the 2-position are obtained when the ring 
closure step is a Dieckmann cyclisation. For example, 
Pfeiffer and Bauer produced a range of 4,5-dialkyl-3- 
hydroxypyrrole-2-carboxylic acid derivatives (8)19 
(Scheme 4). 
	
R 1 	Co E t 
+ 	H 2 NCH 2 CO 2 Et 
R 2 	OE 
(6) 
R1 	CO 2 Et 
R 2 N_CH
2
CO 2 E t 
H 
jNaOt 
R 2 C0 Z t 
R1.R2-CH3 	 (8) 
R .n-C 4 H 9 R 2 -CH 3 
R 1 -R 2 - -( CH 2 ) 4 - 	 Scheme 4 
The preparation of the intermediate (7) involves-reaction 
of glycLne ethyl ester with the readily available ethoxy - 
19 
methylene compounds (6) . 	The overall yields of these 
reactions are generally good, however, the preparation 
is limited in its application because of the additional 
U 
ring substituents. 	No examples of the corresponding 
thiophene or furan heterocycles have been prepared by 
this route although it looks potentially viable, especially 
for the thiophene examples. 
(b) Preparation from malonate derivatives 
A similar approach. to that of Bauer (Scheme 4) using 
the malonate derivative (9) gives the 3-hydroxy-2,4-
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Scheme 5 
Thus initial nucleophilic attack on (9) by either 
glycine ester or thioglycolic acid esters yield inter-
mediates (11) or (10) respectively in near quantitative 
yields. 	Dieckmann cyclisation then gives the product 
heterocycles (12) in excellent overall yield 20,21,22  
(c) Preparations from electron deficient allenes 
One unusual route to hydroxythiophenes and pyrroles 
• of general applicability involves nucleophilic attack at 
C-3 of substituted allenes 23 (13) (Scheme 6). 
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The synthetic utility of this route is reduced not only 
by the fact that the products (14) are always highly 
substituted, but also the preparation of the starting 
allenes is lengthy and laborious 23 . 
N-Unsubstituted glycine esters failed to give cyclised 
products due to an alternative prototropic shift. 
Attempts to extend the method to the preparation of the 
corresponding 3-hydroxyfurans by using glycolic esters 
were unsuccessful 23 . 
(ii) The most common method for the removal of a 
stabilising electron-withdrawing substituent is decar -
boxylation of carboxylic acid derivatives. 	However the 
yields from these reactions are very dependent on the 
substrate and the conditions used, some of which are quite 
specialised. 
Decarboxylation of 2-substituted carboxylic acid 
derivatives of both 3-hydroxypyrroles and 3-hydroxythio-
phenes occur in high yield. 	For example, Pfeiffer and 
Bauer produced a range of 3-hydroxypyrroles by decarboxy-
lation under acidic conditions 
19  (Scheme 7). 
R2 	OH 
6W HC  
L 	
30 
CO 2 E$ 
H 
R I , b/// 
Scheme 7 
10 
The same transformation has been carried out under 
acidic and basic conditions for the thiophene analogues 24 
The mechanism presumably involves the thermally induced 
loss of carbon dioxide from the keto tautomer of the 
heterocycle (Scheme 8) 
OH 	
H 	
OH 	 0 
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	 R 	 E 	
// 
. R 	 R 
CO 2 H 
0 
XS I NR 1 
RaI kyl ,aryl ,ester etc. 
Scheme 8 
Although there are apparently no suitable 2-ester 
substituted hydroxyfuran derivatives available, the 
removal of a 4-ester substituent has been carried out in 
the 0-series by this hydrolysis/decarboxylation procedure 17, 
25 Unfortunately the reaction proceeds in low yield 
probably because there is no concerted mechanism for the 
decarboxylation process, instead the reaction must proceed 
via a ring opened intermediate (17) (Scheme 9). Evidence 
for a ring opening mechanism was obtained by alkaline 
hydrolysis of the same substrate (15), whereby (15) did 
not give the free acid, but gave instead 4-acetyl-2-alkyl-
5-oxo-3-hydroxyfurans (16) (a-acetyltetronic acids). 
When these tetronic acids were heated under acidic 
conditions the same 2-alkyl-5-methylfuran-3-Ones (18) were 
17 
obtained 	(Scheme 9). 
11 
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Scheme 9 
That these decarboxylations are not observed in the 
analogous thiophene and pyrrole heterocycles is 
probably due to the reduced likelihood of ring opening 
compared with the furans. 
Decarboxylation of 4-ester substituted furanones 
can be carried out without ring-opening, starting with 
the free acid (19) rather than the ester (15), by a 
mechanism thought to involve Michael attack of alkoxide 
at C-5 of the furanone 17 (Scheme 10). 	However, it is 
interesting to note that nucleophilic attack is apparently 
preferred to simple deprotonation of the acid. 
12 
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Finally, by carefully controlling experimental 
conditions, Momose has selectively removed both 2- and 
21,22 
4-ester substituents from 3-hydroxypyrroles 
Treatment of appropriately substituted hydroxypyrroles 
with either boron trifluoride etherate or alkaline 
hydroxide followed by ref luxing in -picoline removes 
2- or 4-ester groups respectively in moderate to high 
21,22 
ytcld 
There are few direct routes to examples of these 
heterocycles which do not contain electron--withdrawing 
groups due to the sensitivity of such species to simple 
13 
reagents and oxidation. 	These problems of instability 
can be avoided for the hydroxypyrroles (21) by a gas phase 
synthesis using flash vacuum pyrolysis of the easily 
prepared 5_aminomethylene_2,2_dimethyl_315_dioXafle-4,6- 
4,5,6 
dione derivatives (20) 	(Scheme 11). 
0 	0 
F . V P. 
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This route has been used to synthesise 1-substituted-
(20; R'=R 2 H), 1,2-disubstituted- (20; R 1 H, R 2 alkyl, 
aryl) and 1,2,2-trisubstituted pyrrol-3-ones (20; R'=R'=  
4,5,6 
alkyl, aryl) in high yield 	. 	The mechanism of this 
reaction, discussed later in this thesis (see Section C) 
involves a key hydrogen transfer step from the position 
ci. to nitrogen followed by cyclisation. When both nitrogen 
substituents contain ct-hydrogen atoms then very little 
regioselectivity is observed, although N-benzyl derivatives 
give a general route to 2-phenyl-3-hydroxypyrrOleS 5 ' 6 . 
A further limitation of the method is that the nitrogen 
heteroatom in the product 3-hydroxypyrroles (21) must 
always be substituted (ie. R 3 H). 	Pyrolysis of secondary 
aminomethylene derivatives (20; R 3 =H) leads to an alternative 
sequence of hydrogen shifts giving acyclic products 6. 
14 
The route is also restricted in that 4-substituted 
products cannot be synthesised because of the nature of 
the starting materials and the proposed mechanism 6 . 
Extensiors to this methodology, discussed later in this 
thesis, have led to the preparation of the corresponding 
3-hydroxythiophenes and the possibility of incorporating 
a 5-substituent into both ring systems. 
A few other quite specific synthetic routes to these 
heterocycles have been reported. 	A Russian research group 
devised a synthesis of limited scope to polysubstituted 
hydroxypyrrole 26 and hydroxythiophene 27 derivatives. 
Reaction of arylacetonitriles (22) with either cs-amino 
acid esters (23; X=NR) or thioglycolic acid esters (23; 
X=S) under basic conditions gives 5-amino-4-aryl--3- 
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Scheme 12 
Finally, Margaretha et al. have published independent, 
low yielding routes to the 2,2-dimethyl derivatives of 
28 
all three heterocycles 
15 
Preparation of Unsubstituted Heterocycles 
Reported syntheses of the parent unsubstituted 
systems are rare because of the instability of these 
highly electron-rich species. 	The parent thiophene 
compound (25) was first prepared by decarboxylation of 
a 2-carboxylic acid derivative 
24
(24) (Scheme 13) 
Ford and MacKay also prepared the parent thiophene species 
by the oxidation of 3-thienylmagnesium bromide 
29  (26) 
(Scheme 13) . 	Both these preparations proceeded in very 
low yields. 
H 	
> 	H 	 g B r 
(24) 	
(25) 	 (26) 
Scheme 13 
The preparation of the corresponding 0-heterocycle 
(28) has been reported on two occasions, both of which 
give poor yields of the product. 	The first synthesis 
involves the acid catalysed hydrolysis of 3-methoxyfuran 25 
(27) (Scheme 14). 	The key step of Meister and Scharfs' 
alternative method is the elimination of methanol from a 
30 dihydrofuran-3-one 	(29) (Scheme 14) 
HR 
ONe 0 
/ 00 \ 	 0 
H 3 0 + > 
	
- M e 0 H 
MeO 
(27) 	 (28) 	 (29) 
Scheme 14 
The parent 3-hydroxypyrrole had not been prepared 
until very recently. 	Hydrogenolysis and decarboxyla- 
tion of benzyl 3-hydroxypyrrole-2-carboXylate (30) using 
a palladium catalyst gave the N-heterocycle (31) which 
resinified very rapidly 
31 
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Differentiating between the two tautomeric forms 
of these heterocycles in solution is difficult by 
conventional chemical methods. 	This account will deal 
only with data from n.m.r. spectroscopic studies which 
provide an accurate method of quantifying the position 
of equilibrium. 	The parent unsubstituted compounds, as 
well as the effects of alkyl, aryl and carbonyl sub-
stituents, will be considered in this account. 
(i) Unsubstituted Derivatives 
As can be seen in Scheme 16, the three heterocycles 
have two possible tautomeric forms [(K)keto and 
(E) Eenolj. 	Although the N-heterocycle has a further 
possible tautomer, (A) , there is no experimental or 
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Scheme 16 
A recent definitive study of the parent systems 
has been carried out by Capon and Kwok 31 . 	The equili- 
brium constants for the tautomerism in various solvents 
are shown in Table 1. 
enol 
Table 1: Equilibrium constants 	keto for parent 
hydroxyheterocycleS in various solvents 
* 
Solvent 
	 3-Hydroxy- 	3-Hydroxy-- 	3-Hydroxy- 
pyrrole thiophene furan 
Cd 4 resinified 1 	. 11 
CDC1 3 resinified 0.52 a) 
CD CN 3 
0.93 >50 0 
>1 
0 
acetone d6 — 50 
0 
4) 









(1:1,v/v) — 7.76 4-4 
o 





DMSO d 6 
>50 >50 0 	4- a) 
Q) 	r 
pure compound 0.435 .9.00 z 
* 
Footnote: ( The results for the S-heterocycle are in 
good agreement with similar experiments 
discussed later). 
These data illustrate the two most important points 
in the tautomerism of the parent systems. 	First, 3- 
hydroxypyrrole and 3-hydroxythiophene are relatively 
more stable with respect to their enol forms than 3- 
hydroxyfuran. 	This is in agreement with the greater 
19 
resonance stabilisation of pyrrole and thiophene 
compared to furan (Table 2). 
Table 2: Resonance stabilisation energies of 
thiophene, pyrrole and furan 
Heterocycle Thiophene Pyrrole Furan 
Resonance energy 
6.5 5.3 4.3 
33 
(kcal mol 
Secondly, the enol forms are more stable with respect 
to their keto forms in solvents which are capable of 
accepting a hydrogen bond than in non-polar solvents. 
For example, there is much less of the enol form of the 
S-heterocycle in CC1 4 and CDC1 3 than in D1SO (Table 1). 
These trends have also been observed in substituted 
derivatives of these heterocycles. 
(ii) Alkyl and Aryl Substituents 
Substituents of this type can affect the position 
of equilibrium depending on the 'point of substitution. 
This is not applicable to the furan derivatives which 
exist exclusively in the keto form 34 . 
The effect of alkyl substitution is apparently small. 
For example, incorporation of a 2-methyl substituent in 
20 
the hydroxypyrrole series causes a change of only a 
few per cent in the relative proportions of the two 
tautomers 35 . 	However Bauer reports that 4,5- 
dimethylpyrrol-3-one is exclusively keto in D11SO 36 , 
whereas the parent pyrrolone exists only as the enol 
form in the same solvent 31 . 	This implies a more 
significant effect caused by introducing alkyl 
substituents and appears somewhat anomalous in the light 
of other results 6,31 ,36 
In a detailed study concerning the effect of alkyl 
substituents in the thiophenone series, Hörnfeldt 
successively replaced the hydrogens of a methyl group 
with alkyl substituents on a 5-methyl-3-hydroxythiophene 
derivative. 	The outcome of these experiments was a 
small decrease in the Observed amount of the keto form 
which was ascribed to reduced hyperconjugation 37,38 
In carrying out the same process with a 2-methyl 
derivative, the results show an equally small increase 
in the keto content (Table 3). 
21 
Table 3: Ratio of keto (K) : enol (E) in methyl-




R 	 R 2 
	
R1 S 	R2 
( K ) 
	
( E ) 
R' 	R 2 (K) 
	
(E) 	K(1) 
Me Me 68 32 0.47 
Et Me 65 35 0.54 
i-Pr Me 61 39 0.64 
t-Bu Me 57 43 0.75 
Me Et 71 29 0.41 
Me t-Bu 74 26 0.35 
When a phenyl substituent is introduced in the 
2-position of both the S- 39 and N-heterocycles 6 the 
proportion of the enol tautomer increases significantly. 
The corresponding substituent in the 5-position increases 
the amount of the keto form (Table 4). 
22 
Table 4: The effect of a phenyl substituent on the 
equilibrium position of thiophenones and 
pyrrolones 
OH 
R 2 X 
	
R 	 R 2 	I 






R 2 	K(=) 	Solvent 	Ref 
(1) S H H 0.35 CDC 1 3 
this work 
S Ph H >99 CDC1 3 this work 
S H Ph <0.1 CDC1 3 this work 
 NPh H H <0.1 CDC1 3 6 
 NPh H Ph 0.25 CDC1 3 6 
 Me H H 0.22 CDC1 3 18(u) 
 NMe H Ph 2.33 CDC1 3 6 
The observed trend can be explained by interannular 
conjugation, either with the keto form of the 5-sub-
stituted or with the enol form of the 2-substituted 
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Scheme 17. 
This stabilising effect must be considerable given 
the changes in magnitude of the equilibrium constants 
as well as compensating for the 'in-planet steric 
interactions in the enol forms, especially in examples 
(v) and (vii) 	In other pyrrolone derivatives, when 
the N-substituent is bulky, additional substituents in 
the 5- or, especially, the 2-position decrease the 
proportion of the enol tautomer significantly because of 
the same 'in-plane' steric interference 6 ' 14 ' 38 . 	When 
very bulky groups are present then the keto tautomer 
is observed uniquely 40 . 	A similar observation has been 
made in the hydroxythiophene series 41 . 
(iii) Electron-withdrawing Substituents 
The inclusion of either a 2-carbonyl or a 2-cyano 
substituent has a significant effect on the tautomerism 
of these heterocycles. 3-Hydroxythiophene 13 ' 42 , 3-hydroxy- 
22(1) 	 43,44 pyrrole 	and even 3-hydroxyfuran 	derivatives 
24 
containing these substituents exist completely in the 
enol form, even in non-polar solvents. 	This represents 
a dramatic change in the stabilisation of the enol 
tautomers with respect to the corresponding keto forms 
especially in the case of the 0-heterocycles. 	This 
stabilisation has been attributed to a number of 
influences including the -I and -R effects of the 
substituent, and intramolecular hydrogen bonding 
(Figure 32) 
C
/X 	C 	 X NR',S ; R OR, aHyl 
XO 	; 	R 	ally[. R 
(32) 
In contrast 4-carbonyl substituted examples cannot 
directly conjugate with the hydroxy group of the enol 
form and also there is n.m.r. evidence that the 
13,45 
hydrogen-bonding is weaker 	. 	Consequently the 
proportion of the keto tautomer increases, especially 
in the N- and 0-heterocycles. 	The more aromatic 
thiophene derivatives remain exclusively enol 13 
There are examples in which the ring-substituents 
of more highly substituted 4-carbonyl-substituted 
compounds affect the position of equilibrium. 
4-Carbonyl-substituted hydroxypyrroles without further 
substitution at the 5-position exist in the enol form 
22(u)  
in non-polar solvents 	. 	However the introduction 
25 
of even a methyl group at this position forces the 
N-heterocycles to exist exclusively in the keto form 44,46 
The steric effect of the additional substituent is 
sufficient to perturb the required conformation for 







Conversely, 4-carbonyl substituted hydroxyfurans exist 
almost exclusively in the keto form. 	However, intro- 
ducing a 2-phenyl substituent into ethyl 3-hydroxyfuran-
4-carboxylate causes the proportion of theenol tautomer 
present in chloroform to rise from zero to twenty-two 
per cent 47 
Derivatives of these hydroxyheterocycles with an 
electron-withdrawing substituent in the 5-position are 
much more rare. 	However the 5-carboethoxy-2-methyl- 
3-hydroxythiophene and corresponding furan have been 
prepared and shown to adopt the enol and keto forms 
respectively in non-polar media 13 . 	The directly 
analogous pyrrole has not been reported, however the 
compatable 5-formyl-2-methyl-3-hydroxypyrrOle has been 
synthesised and is reported to be exclusively enol in 
171 
chloroform solution 48 . 	These compounds no longer have 
the ability to form stabilising intramolecular hydrogen-
bonds or the ability to conjugate directly with the 
hydroxy substituent. 	The tautomeric predominance must 
therefore be controlled by the inductive effects of the 
substituent. 	The possibility of intermolecular 
hydrogen-bonding has been suggested on the basis of 




All three heterocycles are reported to undergo 
facile oxidation at the 2-position in the presence of 
one-electron oxidising agents or oxygen. 	A number of 
oxidation products have been isolated depending on the 
substitution pattern of the substrate. 	This has been 
justified in the pyrrolone series by the following 
general scheme 49 (Scheme 19) 
The key intermediate in Scheme 19 is the capto-dative 
radical (33) generated by hydrogen abstraction at C-2. 
Radicals like (33) have been observed by e.s.r. spectro-
scopy for both furan and thiophene derivatives (see also 
Section G of the Discussion in this thesis) . 	Such capto- 
dative species are known to preferentially dimerise, 
to give (34) and (35; X=S, RH), rather than undergo 
addition or abstraction reactions 51. For 2-unsubstituted 
examples (34; R=H) , these dimers can undergo further 
hydrogen abstraction to give highly resonance stabilised 
radicals (36) , which have been observed by e.s.r. 
spectroscopy (X=NR 1 ; R'=H49 and St), before finally 
yielding the indigo-like compounds (37). 	Indigoid 
compounds of this type have been isolated on only one 
occasion as a result of aerial oxidation when trace amounts 
Footnote: 1 see Section G of the Discussion later in this 
thesis. 
0 
00 	(R - H) 0 
+ 
R - b/X 	 x R X 
(34) 
(37) 
(35; X-S, RAH) 	 (36) 
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(38) 	 (39) 	 (40) 
Scheme 19. 
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were obtained from a heavily substituted pyrrolone 
derivative 52 . 	Gelin 15 has found that certain furanone 
derivatives are stable to aerial oxidation and has 
proposed that the criterion for oxidation of these 0-
heterocycles is the ability to tautomerise to the enol 
form, which is likened to the oxidation of phenols and 
41 	 53,54 
naphthols . 
	
However, oxidation of both thiophenone 
52,5519, 
and pyrrolone 10, 
	 derivatives occur in high yield 
in the presence of one-electron oxidising agents, even 
when the heterocycle exists exclusively in the keto 
19,36,55 
form 	. 	The implication of these results is that 
oxidation of the furanones may proceed in the presence 
of such reagents. 
Returning to Scheme 19, when RH (ie. 2-monosub-
stituted heterocycles), dimers of type (34) and (35) have 
been isolated in the thiophene series where the ratio of 
products is dependent on the steric bulk of the 2- 
substituent41 . 	There is only one example of this type 
of compound being isolated in the pyrrolone series where 
the structure is stabilised by hydrogen-bonding 56,60,61  
There are no reports of these compounds in the furanone 
series. 	More usually 2-hydroxy compounds (40; X=O, NR') 
are isolated from aerial oxidation of 2-monosubstituted 
pyrrolone49 and furanone 57 derivatives. 	Yields are 
again improved when one-electron oxidising agents are 
6,14,41,49 
used 	 . 	These hemiacetals (40; X=O) 57,59, or 
hemiaminals (40; X=NR) 14 ' 49 ' 58 exist in a tautomeric 
62 equilibrium with an open chain isomer 	(41) (Scheme 20) 
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In the pyrrolone series these compounds are thought 
to form via a typical autoxidation process involving a 
49.5 
hydroperoxide intermediate 1, 
	(39; X=NR 1  ) ( Scheme 
19) . 	An early proposal of an isomeric cyclic peroxide 
intermediate in the formation of the analogous 2- 
57 
hydroxyfuranones 	(40; X=O) merits reinvestigation, 
not only because it contrasts with the proposed general 
scheme, but also because it can be isolated and the 
possible intermediate structures could therefore be 
easily differentiated by 13 C n.m.r. spectroscopy. 
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(ii) Reactions with ElectrophileS 
The regioselectivity of electrophilic reactions 
involving these heterocycles is dependent on the 
dominant or more reactive tautomeric form. 	The keto 
tautomer would be expected to react at the 4-position 
because of its electron rich enone character (Scheme 21a) 
The enol form contains a conjugative electron donating 
substituent which would therefore be expected to increase 
the reactivity of the 2-position with respect to either 
the 4- or 5-positions (Scheme 21b) .  
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Most syntheses of these heterocycles lead to 
substituted derivatives which have potentially reactive 
sites blocked. 	As a consequence of this it is mainly 
the reactivity of the 2-position which has been studied, 
principally involving condensation reactions with benz-
aldehydes which give arylidene products (42) (Scheme 22). 
Examples of 2-unsubstituted pyrrolones with ester 63 , alkyl 55 
and aryl 
64 ring substituents have all been reported to 
condense with a range of benzaldehydes in good yields. 
Interestingly it is only N-unsubstituted examples which 
have been reported to undergo these condensation reactions. 
There are no reports of alkyl substituted 2-unsubstituted 
thiophenones or furanones undergoing similar reactions, 
probably because of their instability. 	However the 
analogous ester and aryl substituted furan 
65 and thio-
phene 51 heterocycles react with benzaldehyde derivatives 







R 	 HAr 
( 42 ) 
X= NH; 	R= alkyl, 	aryl, 	ester 
X 	0; 	R- aryl , 	 ester 
X 	S; 	R- aryl , 	 ester 
A 	various activated and deactivated aryl 	rings 
Scheme 22 
33. 
Condensation reactions with aliphatic aldehydes 
and ketones have also been reported, although not for 
the thiophenones. 	Examples of 2-unsubstituted 
pyrrolones 25 and furanones 65 give alkylidene products 
with various aldehydes and ketones. 	The reaction of 
the 4-ester substituted furanone 15 and pyrrolone 66 
derivative (43) with 1,3-dicarbonyl compounds gives 
moderate to low yields of pyrano compounds (44) in both 
cases (Scheme 23) 
CO 2 Et o 	
CO2Et 	
CO2Et o 
CH2 	 Me CO2Et 
Me 
CO.R 	 OH 
(43) 
X- 0, NH 	
/H20 





X 	NH; RC 6 H 5 , CH 2 CO 2 Et 
XO; R 	C H 3 
Scheme 23 
Such 0-heterocycles also react with o,-unsaturated 
aldehydes and ketones in low yields 15. 	Either condensa- 
tion or conjugate addition is observed with the 2-
unsubstituted derivatives depending on the nature of the 
carbonyl compound. 	Only conjugate addition is observed 
with the 2-mono-substituted examples 
15
(Scheme 24) 
Similar reactions have not been reported for the N- or S-
heterocycles. 
CO 2 Et 
Me 
CO2Et o 
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Aryl diazonium salts react in the 2-position of 
various 2-unsubstituted N-heterocycles to give products 
67 
that are reported to adopt either the azo 10, 
	(45) or 
hydrazo 6 ' 68 (46) structure (Scheme 25) 
OH 
R 2
N N A r 
(45) 
R 1 or R 2 - CO 2 Et 





( 46 ) 
R 1 - R 2 - okyI 
R 3 - H 
Scheme 25 
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The 2,2.-dimethylpyrrOlOfle (47) reacts with 
diazonium salts at the electron rich 4-position 6 ' 69 . 
Reduction of the coupled compound (48) gave the 4-amino 
derivative (49) which was otherwise unobtainable 6,69 
(Scheme 26) 
0 	 ArN = N 	0 	 NH2 	0  
CN 	ArN 2 BF 4 	 :çSnCl 2 /HCI 
(47) 	 (48) 	 (49) 
Scheme 26 
3-HydroxypyrroleS with ester substitution in the 2-
position undergo ring expansion reactions in good yields 
on treatment with diazonium salts (or nitrous acid) 70 
(Scheme 27) , though the corresponding reactions with 
derivatives containing 2-alkyl or 2-aryl substituents 
gave unidentifiable products  6 . 
,OH 
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Scheme 27 
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Examples of reactions involving 3-hydroxythiophenes 
and furans with diazonium salts are very uncommon in the 
literature. 	In one example, the 2,5-dimethylfuranone 
reacts with a range of diazonium compounds to give products 
which can be tranformed into other heterocycles71 . 	The 
only report of. a 3-hydroxythiophene reacting with 
diazonium salts concerns the 5-phenyl derivative in which 
the products were never characterised 72 . 
Further to the reactions described above, several 
other reactions of these heterocycles are of note. 
Reaction of the pyrrolones with methoxymethylene 
'1eldrum' s acid (50) , a mild C-electrophile, revealed the 
same pattern of reactivity as the diazonium salts, namely 
that the 2-unsubstituted examples react at the 2-position 
and the 2,2-disubstituted example reacts at the electron 
rich 4-position 6 ' 69 . 	It is interesting to note that 
reaction is much faster in the latter case 6 . 	The 
analogous reactions with 2-monosubstituted pyrrolone 
6 
derivatives led only to decomposition . 	A much wider 
account of these reactions is included later in this 
thesis. 
0 	0 
0 	 0 
0 M 
( 50 ) 
it 
Momose found that ethyl 3-hydroxy-1-methylpyrrOl-
2-carboxylate (51) reacted at the 4-position in near 
quantitative yield under the conditions of the Mannich 
reaction 
73 
 (Scheme 28). 
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(51) 	 (52) 
Scheme 28 
The absence of any 2-substituted product led to the 
conclusion that (51) reacted as a pyrrole rather than a 
-keto-ester. 	The predominance of the C-4, s-reacted, 
product (52) is explained by the electron-withdrawing 
effect of the ester group which deactivates the normally 
more reactive C-5 ct-position (Scheme 22b) . 	In contrast, 
nitration of ethyl 3-hydroxythiophene-2-carbOxylate (53) 
gave a 1:4 mixture of the corresponding 4- (54) and 5-
nitro (55) compounds respectively 74 (Scheme 29) . Almost 
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Nitration and nitrosatiOn of 5-phenyl-3-hydrOXy-
thiophene have been reported to occur under standard 
conditions to give 2-substituted products; no yields 
75 
are quoted . 	 The attempted nitration of 4,5- 
unsubstituted_3-hydroXypyrroles led only to decomposi-
tion 6 . 	 - 
There are only a few reports of halogenation 
reactions of these heterocycles. 	Momose showed that 
bromination of ethyl 1-methyl-3-hydroXyPyrrole2 
carboxylate (56) with one equivalent of bromine in 
chloroform gives the 4-monobromo compound (57) . Reaction 
with two equivalents of bromine gives the 4,5-dibromo 
compound (58) with no evidence in either case for 
reaction at the 2-position 73 (Scheme 30). 
	




(5 6) 	 (57) X= H 
(58) x - er 
Scheme 30 
Bromination of 5-phenyithiophene (59) occurs under 
specific conditions to give a tribromo compound (60)76 
(Scheme 31). 
0 	 Br 	
0 
PhNH 2 /Br 2 /H2 0 





McNab and Monahan found that 2,2-dimethylpyrrol-
3(2H) -one (61) halogenates smoothly, and in good yield, 
with N-halogenosuccinimideS under standard electrophilic 
conditions. 	4-Substituted products (62) were obtained 
reflecting the enaminone-like reactivity of this com- 
pound. 	Bromination of the same derivative could also 
be carried out using molecular bromine in the presence 
69 
of potassium carbonate 
6, 	(Scheme 32) . 	However neither 
set of conditions proved to be generally applicable to 
2-mono- or 2-unsubstituted pyrrolones and led only to 
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Scheme 32 
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(iii) Reactions with Nucleophiles 
The keto tautomer of these heterocycles has two 
potential sites for nucleophilic attack, namely C-3, 
the carbonyl group, and C-5, the electron deficient 




The reactivity of these sites would be expected to 
vary with the electronic nature of the heteroatom. 
There are not many examples of this type of reaction 
in the literature. 	Bauer 
 55  and Davoll 14 observed no 
carbonyl reaction of pyrrolone heterocycles with di- 
nitrophenyihydrazine. 	This is attributed to the 
vinylogous amide nature of the functional group and the 





Conversely, 2,5-dimethylfuran-3-(2H)-one has sufficient 
ketonic character to give the associated dinitrophenyl-
hydrazone derivative in good yield 39 
41 
Similarly it is claimed that the dinitrophenyihydrazone 
derivative of 5-phenyl-3-hydrOxYthiOPhene has been 
75 
prepared 
A group of Russian workers reported an interesting 
series of reactions involving ethyl-methyl-3-hydroxy 
77 
thiophene (65), whereby reaction with alkyl , aryl 77 
and acyl 78 hydrazine derivatives resulted in displacement 
of the 3-hydroxy substituent (Scheme 34). 
EtO 2 C 	OH 
CHI1' + 
1 2 AcOH 
H 2 N—NR R 
CO 2 Et 	HHNR 1 R 2 




X_S;R 1 _H;R 2 _CHO.COCH 3 .COC 6 H 5 ,C0NH 2 .C52 
X-S;R 1 -R 2 -Me 
XS ; R 1 Ph ; R 2 H 
Scheme 34 
The reaction of (65) with hydrazine itself causes 
rearrangement to a pyrazole derivative 
77  (67) (Scheme 
35) 
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The reactivity of the furanone heterocycles with 
nucleophiles has been more widely investigated. 	In some 
reactions the presence of an electron-withdrawing 
substituent in the 4-position enhances nucleophilic attack 
at C-S, however, attack at C-3 still occurs. 	The reac- 
tion of ethyl 5-methylfuran-3-one (68) with hydrazine 
gives a pyrazole as the product 
79 (69) (Scheme 35). 
The simple hydrazone (70) was excluded by synthesis of an 
authentic sample of the pyrazole. 	Consequently this 
means that nucleophilic attack is only occurring at C-5 
in this case 
79 . 	The reaction of the O-hetefocycles (71) 
with hydroxylamine gives two isomeric isoxazoles (72) 
and 
(73)80  (Scheme 36) . 	The major isomer is produced by 
43 
initial attack at C-5 leading to a ring-cleavage, ring-
closure rearrangement. 	No mechanism is proposed for 
the formation of the minor isomer (73) 
CO 2 Et o 
R 1 
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(95-100%) (o_5%) 
R 2 'H , C H 3 
Scheme 36 
Removal of the ester group at C-4 of (71) reduces the 
rate of the reaction and gives a more even product 
distribution. 	This observation in.icates that (73) 
is formed by attack at C-3 since removal of the ester 
group decreases the relative difference in reactivity 
80 
between C-3 and C-5 
Nucleophilic attack by sulphur nucleophiles is also a 
known reaction of the furanones. 	The 2,2-dimethyl 
derivative (74) undergoes 1,4-addition of propanethiol 
under acidic or basic, but not neutral, conditions 81 . 
The addition product (75) is formed in moderate yield 
(Scheme 37) . 	An ionic rather than a radical mechanism 
is proposed since a repeat of the reaction in the presence 
81 of a radical inhibitor gave the same product ratio. 
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(75) 
Scheme 37 
The 2,2-dimethylfuran-3-one (74) is-also known to 
react with carbon nucleophiles. 	Attack, at C-5, by 
the anion of a chiral suiphoxide (76) proceeds in high 
yield and stereoselectivity to give the addition product 
(77)82 (Scheme 38). 
0 
. + 	 base 
1 , -r Ck  
0 	




The ambident character of the anions (78) generated 
by deprotonation of these heterocycles has now been well 
established (Scheme 39) 
	However the earliest studies 
	










of these systems were only concerned with O-alkylation of 
heavily substituted examples. 
The alkylation of 3-hydroxyfurans was originally 
concerned with phenyl-substituted examples. 	Attempts to 
methylate the enolates (81), generated by the reaction of 
Grignard reagent with the acyloxy compounds [(79) and (80)1 
by means of methyl iodide and dimethyl sulphate failed. 
Instead of isolating the methyl ether, oxidation products 
were obtained in high yield. 	The free hydroxy compound 
(82) was successfully methylated, in very low yield, by 
the reaction with diazomethane in ether, however oxidation 
products were still isolated in relatively large quantities 59 
The same reaction involving the triphenyl 3-hydroxyfuran 
(81; R=Ph) only gave oxidation products; this is attributed 
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The alkylation of phenyl substituted thiophenones 
has also been studied. 	The 5-phenyl derivative is 
converted to the methyl ether in reasonably good yield 
by dimethyl sulphate in sodium hydroxide. 	The ether 
could not be prepared via the Williamson synthesis or 
by the use of diazomethane 83 . 
The earlier examples of alkylation reactions invol-
ving pyrrolones concerned ester substituted derivatives 
[for example (83) and (84) 1 . 	Derivative (83) reacts 
slowly with diazomethane in ether/methanol 14 and (84) 
with dimethyl sulphate in sodium hydroxide 
45  to give the 
respective ethers in poor yields. 	Interestingly the 
corresponding N-unsubstituted derivative of (84) gave no 
alkylated products under the same conditions. 	N-Alkyla- 
tion of N-unsubstituted hydroxypyrroles does occur under 
different conditions and can compete with 0-alkilation45. 
+ OX. PRODUCTS 
P 
47 
.CO2H 	0 	 CO2H 	OH 
R 	 R'b 
(83)R-H 
(8 4) R - Me 
More recently both 0- and C-alkylated products 
have been observed for all three heterocycles. 	The 
proportions of eac: i product varies with the substrate 
and the conditions used. 	For example, Lantz and 
Hörnfeldt compared the alkylation of the 2,5-dimethyl 
derivatives of the 3-hydroxyfuran and 3-hydroxythio-
phene 
39 (Table 5). 
Table 5: Effect of alkylating agent on 0- vs C-alkyla-
tion in 2,5-dimethyl-3-hydroxyfUrafl and thiophene 
Yield 
Substrate 	 Reagent 	(%) 	
O-Alkylated C-Alkylated 
3-hydroxyfuran 	CH3 I 	37 	 2 	 98 
3-hydroxyfuran 	(CH30)2S02 	* 	 54 	 46 
3 -hydroxythio- 
phene 	 CH3 I 	66 	 35 	 65 
3 -hydroxythio- 
phene 	 (CH 3O) 2 S0 2 	91 	 90 	 10 
(* contaminated with dimethyl sulphate) 
In view of results to be discussed later in this 
thesis the results in Table 5 can be explained in terms 
of the 'Hard and Soft Acid and Base Theory' (HSAB) 84 
and the relative aromatic nature of the heterocycles. 
The HSAB theory predicts that hard acids will react with 
hard bases and vice versa. 	Thus when two potential 
reaction sites of different 'hardness' occur in a mole-
cule (e.g. the enolate) then the selectivity of a reagent 
can be predicted by its own 'hardness'. 	In the ambident 
anion generated from these heterocycles, the C-centre 
represents the soft site and the 0-centre the hard site. 
The hard electrophile dimethyl sulphate favours 0-
alkylation with more in the thiophene than in the less 
aromatic furan (Table 5) . 	The soft methyl iodide gives 
almost exclusive C-alkylation with furan and 35% of 0-
alkylation with the thiophene. 
A similar study has recently been carried out for 
the pyrrolone series  which shows the same effect of 
varying the hardness of the alkylating agent and also 










Table 6: Effect of alkylating agent and solvent on 0-
vs. C-alkylation in 1--phenyl-3-hydroxypyrrole. 
Substrate 
	Solvent 	Alk. 	C,C-di- 	0- 	C,O-di 
Agent alkylated alkylated alkylated 
1-phenyl-3- 
hydroxypyrrole THF Mel 100 0 0 
THF MeOTs 2 82 16 
DMSO Mel 75 13 12 
DMSO EtI 43 43 14 
DMSO MeBr 14 60 26 
DM50 EtBr 13 63 24 
DMSO i-PrBr - 90 10 
(NaH was used as the base in all experiments) 
The effect of changing solvent from tetrahydrofuran 
to dimethyl suiphoxide (c.f.1 and 3) promotes O-alkylation. 
This result can be explained by greater solvation of the 
cation in the polar aprotic solvent (DMSO) resulting in 
a less tightly bound ion-pair which enhances O-alkylation 84 . 
As the carbon of attachment becomes more highly substituted 
the 'hardness' of the cation increases and, consequently, 
the proportion of 0-alkylated products increases (c.f. 5, 
6 and 7 in Table 6) . 	Finally, the results in Table 6 show 
that dialkylation of 2-unsubstituted pyrrolones occurs in 
the presence of excess base and alkylating agent. 	This 
50 
arises from initial alkylation at carbon which can then 
facilitate further deprotonation and alkylation on either 
carbon or oxygen. 	Initial alkylation of oxygen locks 
the system in the enol form and further deprotonation cannot 
occur  (Scheme 41). 
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Scheme 41 
Variation of the substituent at the 2-position also 
influences the ambident reactivity of the anion, but it 
appears that the substituent effects are mainly a result 
of steric rather than electronic factors (Table 7) 
51 
Table 7: Effect of a 2-substituent on 0- vs. C-alkyla- 
tion of 3-hydroxythiophefleS and pyrroles. 




x 	R 2 
AIX. AGENT R ,)..R 2 
X 	 R 1 	R 2 	Alk.agent 	C-Alk. 	O-Alk. 
1 	S Me Me Mel 35 65 
2 	S Me t-Bu Mel 100 0 
3 	NPh H H Mel 75 13 	(+12 	C,0- 
dialkylat 
4 	NPh H Me Mel 77 23 
5 	NPh H Ph Mel 63 37 
Interestingly non-enolisable furan-3(2H) -ones (85) 
can also undergo alkylation. 	Deprotonation of the 5- 
alkyl substituent gives the resonance stabilised dienolate 
(86) which then alkylates regiospecifically on the carbon 
of deprotonation (87) 
81 (Scheme 42) 
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There are no reports of this type of reaction in 
the thiophenone series but a product (90) derived from 
the deprotonation of the 2,2_dimethyl-4-chlOropyrrOl 
3(2H)-one (88) is proposed to arise from a similar 
dienolate species (89) 6 (Scheme 43). 
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CI 	0 	 CI 	
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(88) 	
(89) 	 (90) 
Scheme 43 
Work that will be described later in this thesis 
details a general and highly efficient method for the 
regiospecific O-alkylation of all three heterocycles. 
(v) Acylation 
Owing to the hard nature of acyl chlorides and 
acyl anhydrides, O-acylation of these heterocycles is 
almost exclusively observed, even with derivatives that 
alkylate predominantly 7 on carbon. 	The main reason for 
the preparation of such ester derivatives was for the 
characterisation of the labile hydroxy compounds. 
Oxidation is again a problem in the acylation of 
the 0-heterocycles, but acceptable yields could be 
obtained when the reactions were carried out in the absence 
of oxygen 85 
The N-unsubstituted 3-hydroxypyrrole (91) has been 
shown to give a 0,N-diacetate (93) which can be 
hydrolysed to give the 0-acetate (92) or further 
acetylated to a triacetate (94) under specific catalytic 
conditions 52 (Scheme 44) 
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Scheme 44 
This example. of C-acylation is very rare with no reports 
of simiicr reactions for the 0- or 5-heterocycles. 	This 
may be attributed to the greater reactivity of pyrroles 
with electrophiles due to the electron-releasing ability 




A. O-ALKYLATION OF N-SUBSTITUTED PYRROL-3(2H) -ONES 
The alkylation of the ambident anions generated 
from heavily substituted pyrrolones, furanones and 
thiophenones was mentioned in the Introduction. 
Alternative direct routes -via easily prepared halogeno-
compounds were developed to give less substituted 3- 
alkoxythiophenes and furans 7 ' 86 ' 87 . 	This strategy has 
not been used in the preparation of the corresponding 
3-alkoxypyrroles. 	However a few routes have been 
reported which lead directly to the 3-alkoxy-N-hetero- 
cycles. 	Rapoports' rather lengthy and inflexible approach 
leads to 4- or 5-ester substituted 3-methoxvpyrroles 88 . 
The procedure involves condensation of ethyl N-ethoxyco.rboij-
glycinate with an c,i3-unsaturated ester followed by 
Dieckmann-type cyclisation to give 1-ethoxycarbonyl-
4-oxypyrrolidine carboxylic acid derivatives (95) 
Conversion of this intermediate (95) to the final methoxy 
compounds, (96) and (97) , can be carried out in a number 
of ways depending on the desired substituent pattern 
(Scheme 45). 	However, the final dehydrogenation step 
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One approach of very limited applicability is 
reported by Severin 89. 	Condensation of 2-methoxyaceto- 
phenone (98) with the monohydrazone of glyoxal (99) 
followed by dithionite reduction gives 2-phenyl-3-
methoxypyrrole (100) in low overallyield (Scheme 46). 
Ph—CO—CH 2 OMO 
 
















Another synthesis of very limited scope involves 
the base-catalysed addition and elimination of methanol 
in 3,4-dinitropyrroles (101) to give 3-methoxy-4-
nitropyrroles (102). 	This synthesis is limited not 
only in its inflexibility and low yields but also in 
the availability of the starting dinitropyrroles (101)90 
(Scheme 47) 
NO 2 	N:: 
"t — / M e 0 H 
NO 0 e 	 NO 2 	 2 	OMe 
Me  Me 0 
C 5 H 5 
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( 1 0 1 ) 
	
(102) 
R= Me, tBu 
Scheme 47 
Finally, Pinnick 91 has recently published the most 
convenient and general synthetic route to date. 	The 
preparation involves the treatment of 4-alkoxy-A 3 -pyrrolin-
2-ones (103), readily available from. 3-keto esters, with 
excess diisobutylaluminium hydride (Dibal) followed by 
workup with aqueous sodium hydroxide (Scheme 48). 	The 3- 
alkoxypyrroles (104) are obtained in moderate to good 
yield 91 . 	One limitation of this method is that all the 
derivatives prepared are N-substituted. 	The precursors 
required for the N-unsubstituted derivatives (i.e. 103; 
91 R=H) are inert to reduction under these conditions. 
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Scheme 48 
In view of the availability of 1H-pyrrol-3(2H)-ones 
via the flash vacuum pyrolysis route (see Introduction) , 
regiospecific O-alkylation of the enolate ions derived 
from these N-heterocycles offers an attractive route to 
3-alkoxypyrroles. Previous work has shown that C- and/or 
O-alkylation of these systems can occur and that 0-
alkylation is favoured by use of an alkylating agent 
with a hard leaving group and a dipolar aprotic solvent 
(see Introduction) . 	The best results which have been 
obtained gave 82% 0-methylation using methyl tosylate in 
THF (see Introduction). 
A study of the literature revealed that the more 
polar but highly carcinogenic hexamethyiphosphoruStriamide 
(HMP1) (105) has previously been used in promoting 0- 
alkylation of enolates 92 . 	More recently it has been shown 
that the cyclic ureas dimethyl imidazolidinone (DM1) (106) 
and dimethyl tetrahydropyrimidinone (DMP) (107) compare 
93 
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( 107 ) 
Both the ureas are commercially available, but (106) 
is usually favoured because it is less viscous. 
Initial results using the combination of DM1 (106) 
as solvent and methyl tosylate as alkylating agent were 
very encouraging. 	Alkylation of the anion of 1-phenyl- 
3-hydroxypyrrole, generated by treatment with purified 
sodium hydride in DM1, occurs in 30 minutes at room 
temperature in good overall yield. 	Analysis of the 
crude reaction mixture revealed exclusive O-alkylatiori 
with no trace of C- or C,O-alkylated products. 	The 
generality of the method was then tested by alkylating a 
range of 3-hydroxypyrroles (Table 8). 
Table 8: Effect of DM1 and methyl tosylate on the 
regioselectivity of alkylation with a range 
of 3-hydroxypyrroles 
3 -Hydroxypyrrole Yield C-Alkylation 
go 10 
0 
1-phenyl- 80 0 
1-t-butyl- 80 0 
2-methyl-1 - 
phenyl- 65 0 
1-methyl-2- 
phenyl— 90 0 
1 -t-butyl-2- 









(* NaH was used as the base in all experiments) 
These results show that the reaction conditions were 
generally applicable to 1-aryl-, 1-alkyl-2-unsubstituted 
and corresponding 2-substituted examples. 	No C- 
alkylation was observed in any of the examples. 
The regioselectivity of the reaction with other 
alkyl tosylates was then investigated. 	Benzyl, ethyl 
and allyl tosylates were prepared (see Experimental 
Section) and used to alkylate the anion of 1-phenyl-3-
hydroxypyrrole (Table 9). 
61 
Table 9: Alkylation of 1-phenyl-3-hydrOxYPYrrOle 
using various alkyl tosylates 
Alkyl Tosylate Yield O-Alkylation C-Alkylation 
(c 10 
Ethyl 65 100 0 








approx.ratio; distillation gave rearranged products) 
The n.m.r. spectra of the crude products from the 
reaction involving both ethyl and benzyl tosylates showed 
complete regiospecificity. 	However the n.m.r. spectrum 
of the crude material from the allyl tosylate experiment 
gave evidence for some C-alkylation. 	In view of the 
other results this observation suggests that the allyl 
tosylate is reacting via a S N 
 1 mechanism which would 
account for the loss in regiospecificity. 
In order to quantify the effect of the nature of the 
solvent a 'soft' alkylating agent (Mel) was used in 
conjunction with THF, DMSO and DM1. 	Although DM1 gave 
more than three times more O-alkylated product than DMSO, 
(Table 10), the results illustrate further the need for 
the combination of a polar aprotic solvent and a 
'hard' leaving group. 
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Table 10: Effect of solvent on regioselectivity of 
alkylation 
3-Hydroxypyrrole 	Solvent O-Alkylation C-Alkylation 
10 	 10 
0 
1-phenyl- THF 0 100 
1-phenyl- DMSO 13 87 
1-phenyl- DM1 44 56 
The 3-alkoxypyrroles could be stored at -20°C 
indefinitely although some discoloration was observed. 
The ethers were normally oils or low melting point 
solids. 	The 1-t--butyl-3-methoxy--2-PheflYl (108) 
example was sufficiently crystalline such that a crystal 
structure determination was possible. 	The crystallo- 
graphic numbering system is shown in Figure 108, and the 
structural parameters are listed in Tablesll, 12 and 13. 
The structural data of this methoxypyrrole show little 
variation from those of other pyrrole derivatives 94 
The electron-donating methoxy substituent apparently has 
little effect, consistent with trends in the comparable 
analogues benzene and anisole 95 . 	One interesting 
feature of the structure is that the phenyl ring is 
twisted out of the plane as a result of steric crowding 
and is almost perpendicular to the pyrrole ring 
[N(1)-C(2)-C(1P)-C(2P), 91 ° ]. 





Table 11: Bond Lengths(A) with standard deviations 
N(1) - C(2) 1.380( 	8) N(1') -C(2') 1.406( 	8) 
N(1) - C(5) 1.369( 	8) N(1') -C(S) 1.351( 	8) 
N(1) -C(1N) 1.483( 	8) N(1') -C(1N') 1.494( 	8) 
C(2) - C(3) 1.373( 	9) C(2') -C(3') 1.364( 	9) 
C(2) -C(1P) 1.502( 	7) C(2') -C(1P') 1.487( 	7) 
C(3) -C(4) 1.399(10) C(3') -C(4') 1.395(9) 
C(3) - 0(3) 1.373( 	8) C(3') -0(3) 1.373( 	8) 
C(4) -C(S) 1.387(10) C(4') -C(5') 1.345(10) 
C(1N)  1.537(10) C(1!V)-C(11') 1.524(10) 
C(1N)  1.519(10) C(1N')-C(12') 1.490(11) 
C(1N)  1.517(10) C(1N')-C(13') 1.520(10) 
0(3) -C(31) 1.423( 	9) 0(3) -C(31') 1.402( 	9) 
Tablè12: Angles(degrees) with standard deviations 
C(2) - 	 N(1) - C(S) 108.7( 5) C(2') -N(1') -C(5') 107.7( 5) 
C(2) - 	 N(1) -C(1N) 128.5( 5) C(2') -N(1') -C(1N') 127.8( 5) 
C(S) - 	 N(1) -C(1N) 122.7( 5) C(5') -N(1') -C(1N') 124.5( 5) 
N(1) - C(2) - C(3) 107.5( 5) N(1') -C(2') -C(3) 105.9( 5) 
N(1) - C(2) -C(1P) 128.6( 5) N(1') -C(2') -C(1P') 127.9( 5) 
C(3) - 	 C(2) -C(1P) 124.0( 5) C(3) -C(2) -C(1P') 126.1( 5) 
C(2) - 	 C(3) - C(4) 108.8( 6) C(2') -C(3') -C(4') 109.6( 6) 
C(2) - 	 C(3) - 0(3) 121.7( 6) C(2') -C(3') -0(3) 119.9( 6) 
C(4) - C(3) - 0(3) 129.6( 6)  -C(3') -0(3) 130.5( 6) 
C(3) - C(4) - C(5) 106.5( 6) C(3) -C(4') -C(S) 106.1( 6) 
N(1) - C(S) - C(4) 108.5( 6) N(1) -C(S') -C(4) 110.7( 6) 
N(1) -C(IN)  110.6(5) N(1) -C(1N')-C(11') 109.3(5) 
N(1) -C(1N)  109.8(5) N(1') -C(1N')-C(12) 109.3(6) 
N(1) -C(1N)  109.4(5) N(1') -C(1N')-C(13) 111.5(5) 
C(11) -C(IN) -C(12) 106.9(6) C(11')-C(1N')-C(12') 109.9(6) 
C(11) -C(1N) -C(13) 109.6(6) C(11')-C(1N')-C(13) 107.5(6) 
C(12) -C(1N) -C(13) 110.4(6) C(12')-C(1N')-C(13') 109.3(6) 
C(2) -C(1P) -C(2P) 120.2(4) C(2') -C(1P')-C(2P') 121.5(4) 
C(2) -C(1P) -C(6P) 119.5(4) C(2') -C(1P')-C(6P') 118.2(4) 
C(3) - 0(3) -C(31) 114.7( 5)  -0(3') -C(31') 115.8( 5) 
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Table 13: 	Torsion angles(degrees) with standard deviations 
C(S) - 	 N(1) - 	 C(2) - 	 C(3) 0.1( 7) C(5') -N(1') -C(2') -C(3) 0.2( 7) 
C(S) - N(1) - C(2) -C(1P) -179.9( 6) C(5') -N(1') -C(2') -C(LP') 178.5( 6) 
C(1N) - N(1) - C(2) - 	 C(3) 177.2( 6) C(1N')-N(l') -C(2') -C(3') -177.7( 6) 
C(1M) -N(1) -C(2) -C(1P) -2.8(10) C(1N')-N(1') -C(2') -C(LP') 0.6(9) 
C(2) - N(1) - C(S) - 	 C(4) -1.0( 7) C(2') -N(1') -C(S') -C(4') 0.2( 7) 
C(IN) - N(1) - C(S) - C(4) -178.3( 6) C(1N')-N(l') -C(S') -C(4') 178.1( 6) 
C(2) -N(1) -C(1N) -C(11) 177.3(6) C(2') -N(1) -C(1N')-C(11')-169.6( 6) 
C(2) - 	 N(1) -C(1N) -C(12) 59.5( 8) C(2') -N(1') -C(1N')-C(12') 70.1( 8) 
C(2) - N(1) -C(1N) -C(13) -61.9( 8) C(2') -N(1') -C(1N')-C(13') -50.9( 8) 
C(S) - N(1) -C(1N) -C(11) -6.0( 8) C(S') -N(1') -C(1N')-C(ll') 12.8( 8) 
C(5) -N(1) -C(1N) -C(12) -123.8(6) C(S) -N(1') -C(IN')-C(12')-107.4( 7) 
C(S) -N(1) -C(1N) -C(13) 114.8(7) C(5') -N(1') -C(LN')-C(13') 131.6(6) 
N(1) - 	 C(2) - C(3) - 	 C(4) 0.8( 7) N(1) -C(2')   -0.4( 7) 
N(1) - C(2) - 	 C(3) - 0(3) -179.0( 5) N(1') -C(2') -C(3') -0(3) 179.6( 5) 
C(1P) - 	 C(2) - C(3) - 	 C(4) -179.2( 5) C(1P' )-C(2' ) -C(3') -C(4') -178.8( 5) 
C(1P) - C(2) - 	 C(3) - 	 0(3) 1.0(10) C(1P')-C(2') -C(3') -0(3') 1.3( 9) 
N(1) -C(2) -C(1P) -C(2P) -91.1(7) N(1') -C(2') -C(1P')-C(2P') -93.8(7) 
N(1) - 	 C(2) -C(1P) -C(6P) 95.5( 7) N(1') -C(2) -C(IP')-C(6P') 92.4( 7) 
C(3) -C(2) -C(1P) -C(2P) 88.8(7) C(3') -C(2) -C(IP')-C(2P') 84.2(7) 
C(3) -C(2) -C(1P) -C(6P) -84.5(7) C(3') -C(2') -C(1P')-C(6P') -89.6(7) 
C(2) - 	 C(3) - 	 C(4) - 	 C(S) -1.4( 8) C(2')   -C(S) 0.5( 8) 
0(3) - C(3) - C(4) - 	 C(5) 178.4( 7) 0(3')   -C(S) -179.5( 7) 
C(2) - C(3) - 0(3) -C(31) -167.8( 6) C(2') -C(3) -0(3') -C(31') 163.9( 6) 
C(4) -C(3) -0(3) -C(31) 12.4(10) C(4) -C(3') -0(3') -C(31') -16.1(10) 
C(3) - 	 C(4) - C(S) - 	 T(1) 1.4( 8) C(3') -C(4) -C(S) -N(1) -0.4( 8) 
C(2) -C(1P) -C(2P) -C(3P) -173.3(4) C(2') -C(1P')-C(2P')-C(3P') - 173.7( 4) 
C(2) -C(1P) -C(6P) -C(5P) 173.4(4) C(2') -C(IP')-C(6P')-C(5P') 173.9(4) 
the 'keto-fixed' 1_cyclohexyl_2,2-pentalflethYlenePYrrol - 
A 
3-one'4 (109) gives an approximate comparison of the two 
tautomeric forms of the hydroxypyrrole system. 	This 
showed, not surprisingly, a lengthening of the C4-05 
and a shortening of the C5-N bonds in the 'enol' form 
associated with the loss of conjugation in the enaminone 
system which is thought to have a major contribution 










The C2-C3 and C3-0 bond lengths also change predictably 
as the hybridisation alters. Perhaps not expected, on 
the basis of this consideration, is the small difference 
observed in the C3-C4 bond lengths in the two molecules 
00 
(c.f. 1.399A and 1.416A). 	The bond angles also reflect 
the change from the cis-s-trans enaminone unit to a 
pyrrole nucleus. 	The most significant change is in the 
C4-05-N angle which is diminished considerably. 
The 'H and 13 C n.m.r. spectra of these ethers have 
previously been the subject of a detailed study in which 
the compounds were prepared as mixtures and separated 
6 by chromatography. 
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Analysis of the mass spectra shows an interesting 
trend. 	All of the derivatives prepared, with the 
exception of the 1-t-butyl compounds, cleave the oxygen- 
substituent as the first breakdown. 	The 1-t-butyl 
compounds lose isobutene initially before undergoing 
the same cleavage as the other derivatives. 	These 
observations can both be attributed to breakdown of the 
same ionisation product (111) (Scheme 50). 
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Subsequent breakdown peaks do not form any coherent 
pattern. 
B. 	REACTIVITY OF 3-HYDROXYPYRROLES [1H-PYRROL-3(2H)- 
ONES] AND 3-METHOXYPYRROLES. 
(i) Oxidation 
The sensitivity of pyrroles to aerial oxidation is 
well known, with electron-rich pyrroles being more 
susceptible to oxidation than those with electron-
withdrawing substituents 96 . 	The products of such 
reactions are numerous depending on the substrate and 
the conditions used. 	Two generally accepted mechanisms 
have been proposed which account for the formation of 
some of the more common products 
96 [Schemes 51(a) and 
51 (b)] . 	However these mechanisms do not account for all 
the oxidation products observed and Scheme 51(b) does not 
accommodate N-substituted derivatives. 
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Scheme 51 
The mechanism represented in Scheme 51(a) is believed 
to involve a [4+21 cycloaddition reaction of the pyrrole 
derivative with singlet oxygen to give a cyclic peroxide 
intermediate (112) which is then proposed to collapse via 
a radical process to give the observed products, (113) 
and (114). 	Mechanism 51(b) is proposed to involve a 
typical autoxidation of the pyrrole with atmospheric 
(triplet) oxygen and is thought to proceed via a hydro-
peroxide (115) and an isomeric cycloperoxide (116), both 
of which can be intercepted by solvent to give (117), 
(118) and (119). 
The oxidation of the highly electron-rich 3-alkoxy-
pyrroles has been poorly studied.. Campaigne and 
Shutske 97 report that the neat 3-methoxy-1-methyl-5 
phenylpyrrole (120) is very unstable in air and reacts 
rapidly with oxygen to give 5-hydroxy-3-methoxy-1-methyl 
5-phenyl-3-pyrroline-2one (122) in very low yield. 	The 
structural assignment is based on chemical and spectro- 
scopic evidence which eliminates the isomeric possibilities 97 
The product has been rationalised by the endo peroxide (121) 
route shown in Scheme 52, however, no details are proposed 
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As mentioned in the previous section, all of the 
alkoxypyrroles prepared during this research were found 
to be stable as neat materials. 	However the n.m.r. 
spectrum of a sample of the 3-methoxy-1-methyl-2-phenyl-
derivative (123), which had been stored for several 
months at -20 ° C as a solution in acetone, showed that 
none of the alkoxypyrrole was present. 	The mass spectrum 
of the crude material gave a parent ion at M+219  [i.e. 
M(123)+321. 	A repeat of the oxidation at room 
temperature was monitored by n.m.r. spectroscopy which 
showed that the reaction was complete in 5 weeks under 
these conditions and gave a colourless crystalline solid 
on work-up. 	Elemental analysis confirmed the empirical 
formula as C 12 H 13NO 3 . 	The i.r. spectrum showed three 
major absorptions indicative of a hydroxyl (3250 cm 1 ), 
an amide carbonyl (1670 cm -1 and a vinyl ui.it (1630 cm 1 ) 
The 1 H n.m.r. spectrum in DM O contained resonances for the 
aromatics, a vinyl proton, a hydroxyl (exchanged with D 20) 
and two methyl groups (i.e. •NMe and OMe). 	Nuclear 
Overhauser enhancement experiments showed that the 
methyl group of lowest chemical shift 	2.46; Me) 
enhanced the hydroxyl proton 6H 
 6.87, 8%) and the 
other methyl group (& 3.67; -OMe) enhanced the vinyl 
proton '5H  5.18, 29%). 	
A combination of ' 3 C DEPT and 
' 3 c broad-band irradiation n.m.r. spectra, also 
obtained in DMSO, showed significant quaternary peaks 
at 6 176.90 (carbonyl), & 169.51 (methoxy vinyl carbon) 
and 6 88.68 (hemi-aminal). 	Further evidence for the 
presence of the hemi-aminal unit was obtained from the 
CDC1 3 1 H n.m.r. spectrum which showed the existence of 
two compounds. 	These may be explained by ring-chain 
tautomerism associated with the hemi-aminal function. 
Combining this information with the literature data, 
the most likely structure of the unknown was 2-hydroxy-
3-methoxy-1-methyl-2-phenyl-3-pyrrolin-5-one (124) in 
equilibrium with its ring-opened isomer' (Scheme 53). 
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The crystal structure showed that the compound exists 
as the ring-form in the solid phase, consistent with the 
i.r. data. 	The structure is shown in Figure 125 along 
The possibility of ring-chain tautomerism in the isomeric 
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Table 14: Bond Lengths(R) with standard deviations 
N(l) -C(ll) 	1.457( 4)  
N(l) - C(2) 1.347( 3) 
N(l) - C(S) 1.468( 3) 
C(2) - 0(2) 1.236( 3) 
C(2) - C(3) 1.469( 4) 
C(3) - C(4) 1.328( 4) 
C(4) -0(41) 	1.334(3) 
C(4) - 	 C(5) 1.525(  
0(41) -C(42) 1.439(  
C(5) - 0(5) 1.400( 3) 
C(5) -C(51) 1.510( 3) 
Table 15: Angles(degrees) with standard deviations 
C(11) - N(1) - C(2) 125.76(22) C(4) -0(41) -C(42) 114.79(20) 
C(11) - N(1) - C(5) 121.44(21) N(1) - C(5) - 	 C(4) 99.62(19) 
C(2) - N(1) - C(5) 112.79(20) N(1) - C(5) - 	 0(5) 111.71(19) 
N(l) - C(2) - 0(2) 125.10(23) N(1) - C(S) -C(51) 111.24(18) 
M(l) - C(2) - C(3) 107.89(21) C(4) - C(S) - 0(5) 112.18(20) 
0(2) - C(2) - C(3) 127.01(23) C(4) - C(S) -C(51) 112.15(19) 
C(2) - C(3) - C(4) 107.67(22) 0(5) - 	 C(S) -C(51) 109.66(18) 
C(3) - C(4) -0(41) 132.41(24) 	. C(5) -C(51) -C(52) 121.37(16) 
C(3) - C(4) - C(S) 112.02(22) C(S) -C(51) -C(56) 118.61(15) 
0(41) - C(4) - 	 C(S) 115.57(21) 
Table 16: Torsion angles(degrees) with standard deviations 
C(11) - N(1) - 	 C(2) - 0(2) 0.7( 	4) 
C(11) - N(1) - 	 C(2) - 	 C(3) -179.82(23) 
C(5) - N(1) - 	 C(2) - 0(2) 179.81(23) 
C(S) - N(1) - C(2) - C(3) -0.7( 	3) 
C(11) - N(1) - 	 C(S) - C(4) -179.67(22) 
C(11) - N(1) - 	 C(5) - 0(5) -61.0( 	3) 
C(11) - N(1) - C(5) -C(51) 61.9( 	3) 
C(2) - 	N(l) - 	 C(S) - C(4) 1.2( 	3) 
C(2) - N(1) - C(S) - 0(5) 119.82(22) 
C(2) - N(1) - 	 C(5) -C(51) -117.27(21) 
N(1) - C(2) - C(3) - C(4) -0.1( 	3) 
0(2) - C(2) - 	 C(3) - C(4) 179.3( 	3) 
C(2) - C(3) - 	 C(4) -0(41) -179.6( 	3) 
 - C(3) - C(4) - C(S) 0.9( 	3) 
 - C(4) -0(41) -C(42) -0.9( 	4) 
C(S) - C ( 4 ) 
C(3) - C ( 4 ) 
C(3) - C(4) 
- C ( 4 ) 
0(41) - C(4) 
0(41) - C(4) 
0(41) - C(4) 
N(1) - C(S) 
N(1) - C(S) 
- C(5) 
C(4) - C(5) 
0(5) - C(S) 

















































with the crystallographic numbering system and the 
structural parameters are presented in Tables 14, 15 
and 16. 
The susceptibility of some other 3-methoxypyrrole 
derivatives to oxidation was then tested. 	Acetone 
solutions of the 1-phenyl- (126), and 2-methyl-1-phenyl-
(127) examples were allowed to stand at room temperature 
and monitored periodically by n.m.r. and mass spectro- 
scopy. 	Interestingly, these experiments showed that, 
although oxidation did occur [(126), M173 	M' 2Q5 and 
(127), M187 	M2191, it happened much more slowly (c.f. 
18 months to 5 weeks). 	Full structural elucidation was 
011e 	 OMe 
dN (Me 
(126) 	 (127) 
not pursued for these latter examples. 
Coupled with Campaigne's result it would appear 
that the presence of an ct-phenyl group is influential in 
the rate of the oxidation reaction. 	This is consistent 
with a radical reaction in which the phenyl group can 
stabilise the intermediate allylic type radical (128) 
leading to the formation of the cyclic peroxide (129), 
which is the most likely precursor of the observed product 
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(ii) Reactions with Electrophiles 
(a) Reactions with 2, 2-dimethyl-5-methOXYmethYlefle 
1 ,3-dioxane-4,6-diOne (methoxymethylene 
Meidrum's acid) 
The highly electron-rich character of the title 
compounds and consequent facile reactivity with electro-
philes has been mentioned in the Introduction of this 
thesis. 	Unfortunately most of the reactions reported 
to date involve substrates which contain electron-
withdrawing substituents, or have potentially reactive 
sites blocked. 	Indeed most of these reports deal with 
the synthesis of specific compounds and no systematic 
study of reactivity has been carried out. 
Flash vacuum pyrolysis provided a simple and efficient 
route to simple 3-hydroxypyrroles (1H-pyrrol-3(2H)ones] 5 ' 6 . 
Initial results involving the reaction of the 1-phenyl 
(130), 1-t-butyl (131) , and 1-isopropyl-2,2-dimethyl (132) 
derivatives with a range of electrophiles illustrated the 
high reactivity of this system. 	However, only the 'keto 
fixed' 2,2-dimethyl example (132) was the subject of an 
in-depth study in order to avoid complications due to 
tautomerism. 	Reaction occurred exclusively at the 4- 
position with a series of electrophiles including methoxy- 
69 
methylene Meldrum s acid 	(133) 
ri;i 
OR 	 0 
 R'=H 	 (130) RPh; R'H 
FNR' 
	(131) R=t - Bu ; R  
R' 	
(132) RI - Pr; R'Me 
R 	 R 
The 1-phenyl derivative (130) also reacted with (133) 
to give a single product (134) resulting from reaction 
at the 2-position 6 (Scheme 55) 














Because these reactions take place under mild 
conditions (in acetonitrile at r.t.) and give highly 
crystalline products, methoxymethylene Meidrum's acid 
(MMNA) (133) was chosen as a typical C-electrophile to 
determine the influencing factors on the regioselectivity 
of electrophilic attack on 3-alkoxypyrroles and 3-hydroxy-
pyrroles capable of tautomerism. 	The criteria 
investigated were: 
the difference in reactivity between the 3-
hydroxy and 3-methoxy analogues; 
the effect of the size and nature of the N- 
substituent; 
iii) the effect of blocking the most reactive 
2-position. 
3-Methoxy-1-phenylpyrrOle (130; R' =Me) gave a single 
product in 65% yield when reacted with MNNA (133) which 
was identified by n.O.e. experiments to be the 2-
'Meidrumsated' derivative (134; R'=Me) as found for the 






a~ 2_- 0 
HHx 
(134; R '- Me) 
Changing the 1-substituent from a phenyl ring to a 
t-butyl group caused a significant change in the 
regiocheinistry. 	The product (135) derived from the 
1-t-butyl-3-hydroxy compound (131) was shown by n.O.e. 
and decoupling experiments to be substituted in the 
4-position (Scheme 57) . 	 Interestingly (135) exists 
exclusively as the keto tautomer of the pyrrolone, 
presumably due to stabilisation from extended conjugction. 
The corresponding 3-methoxy compound (131; R'=Me) gave 
two products in a 5:1 ratio shown by n.O.e. experiments 
to arise from reaction at the 2- and 4-positions 
MMI 
W36) and (137) respectively]. 	The major product was 
the 2-substituted derivative which illustrated that the 
electron-rich 2-position was, not surprisingly, the most 
reactive in the alkoxy compound. 	The formation of the 
4-substituted product (137) was unexpected since reaction 
has been partially diverted away from the potentially 
more reactive a-positions. 	The dramatic difference in 
the regioselectivity between the 1-phenyl- and 1-t-butyl-
pyrrolones arises from the tautomeric form in which they 
react. 	The 1-phenyl derivative must react via the enol 
tautomer, whereas, the 1-t-butyl example probably reacts 
via the keto tautomer which has a more electron-rich 
enaminone system than that for the 1-phenyl derivative and 
results in a 4-substituted product (Scheme 57) 
OR' 
-H 
(1 31 ) 
Me 
CH 3 CN / r 
+ (133)\ 











(137; 15x) 	 (136; 72z) 	 (135; 75%) 
Scheme 57 
E-1  
Surprisingly, in spite of the increased steric 
crowding, the crystal structure of the '2-Meidrumsated' 
product (136) shows very few differences compared to 
the analogous structure (138) derived from pyrrole 
itself 98 . 	Both structures are shown along with 
crystallographic numbering systems as well as tables of 







One fundamental difference is that the Meidrums ring is 
orientated differently in (138) due to the formation of 
a 7-membered ring hydrogen-bond98 . 	There is essentially 
no change in the bond lengths in either of the rings in 
both examples even though the Meldrums ring is consider-
ably more puckered and further twisted out of the plane 
of the pyrrole ring in the more highly substituted example. 
The implication of this is that the distortion caused by 
the steric crowding does not cause a sufficient decrease 
in ¶-overlap to reduce the interannular conjugation. 
Similar reactions were then carried out with 2-
substituted examples to assess the changes in regio-
selectivity when the most reactive 2-position was blocked 
F 	 70 
82 
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Table 17: Bond Lengths(A) with standard deviations 
N(l) - 	 C(l) 1.491( 4) C(6) -C(11) 1.373( 4) 
N(l) - C(2) 1.409( 3) 0(7) - C(8) 1.429( 4) 
N(l) - C(S) 1.351( 4) 0(7) -C(12) 1.360( 3) 
C(l) -C(1A) 1.519( 4) C(8) -C(13) 1..505( 5) 
C(l) -C(lB) 1.523( 4) C(8) -C(14) 1.50( 5) 
C(l) -C(1C) 1.530( 5) C(8) - 0(9) 1.431( 4) 
C(2) - C(3) 1.409( 4) 0(9) -C(10) 1.356( 4) 
C(2) - C(6) 1.401( 4) C(10) -0(10) 1.206( 4) 
C(3') - 0(3) 1.346( 3) C(10) -C(ll) 1.458( 3) 
C(3) - C(4) 1.378( 4) C(ll) -C(12) 1.452( 4) 
0(3) -C(30) 1.427( 4) 0(12) -C(12) 1.205( 4) 
C(4) - C(S) 1.381( 4) 
Table 18 Angles(degrees) with standard deviations 
C(l) - 	N(l) - 	 C(2) 127.40(22) C(2) - C(6) -C(ll) 129.29(25) 
C(l) - 	 t9(1) - 	 C(S) 125.03(23) C(8) - 0(7) -C(12) 118.50(22) 
C(2) - 	N(1) - C(S) 107.55(23) 0(7) - C(8) -C(13) 105.7( 	3) 
N(l) - C(1) -C(1A) 110.15(23) 0(7) - C(8) -C(14) 110.6( 	3) 
N(l) - C(1) -C(1B) 109.09(23) 0(7) - 	 C(8) - 0(9) 109.29(23) 
N(1) - C(l) -C(IC) 109.68(24) C(13) - 	 C(8) -C(14) 114.1( 	3) 
C(IA) - C(l) -C(1B) 111.43(24)  - 	 C(8) - 0(9) 105.8( 	3) 
C(1A) - 	 C(1) -C(1C) 108.20(25)  - C(8) - . 0(9) 110.9( 	3) 
C(1B) - C(1) -C(1C) 108.2( 	3) C(8) - 0(9) -C(10) 118.14(22) 
N(1) - C(2) - 	 C(3) 105.98(22) 0(9) -C(10) -0(10) 117.3( 	3) 
N(1) - 	 C(2) - 	 C(6) 124.94(23) 0(9) -C(10) -C(11) 115.97(24) 
C(3) - 	 C(2) - 	 C(6) 128.75(25) 0(10) -C(10) -C(11) 126.6( 	3) 
 -C(3) -0(3) 121.33(24) C(6) -C(11) -C(10) 116.58(24) 
C(2) -C(3) -C(4) 109.21(25) C(6)   125.18(24) 
0(3) 	- C(3) - 	 C(4) 129.2( 	3) C(10) -C(11) -C(12) 117.15(23) 
C(3) 	-0(3) -C(30) 116.30(23) 0(7) -C(12) -C(11) 116.40(23) 
-  - 	 C(S) 106.2( 	3) 0(7) -C(12) -0(12) 116.79(25) 
N(l) 	- C(5) - C(4) 111.0( 	3) C(11) -C(12) -0(12) 126.5( 	3) 
Table 19: Torsion angles(degrees) with standard deviations 
C(2) - N(l) - C(l) -C(1A) 51..l( 3) 
C(2) - N(l) - C(l) -C(1B) -71.5( 3) 
C(2) - N(l) - C(1) -C(IC) 170.1( 3) 
C(S) - N(1) - C(1) -C(IA) -127.2( 3) 
C(S) - N(l) - C(l) -C(lB) 110.1( 3) 
C(5) - N(1) - C(l) -C(1C) -8.3( 4) 
C(l) - N(l) - C(2) - C(3) 179.07(24) 
C(l) - N(1) - C(2) - C(6) 5.2( 4) 
C(5) - N(l) - C(2) - C(3) -2.3( 3) 
C(S) - N(l) - C(2) - C(6) -176.2( 3) 
C(l) - N(l) - C(S) - C(4) -179.40(25) 
C(2) - N(1) - C(S) - C(4) 2.0( 3) 
N(l) 	- C(2) - C(3) - 0(3) -173.01(23) 
N(l) 	- C(2) - C(3) - C(4) 1.9( 3) 
C(6) 	- C(2) 	- C(3) - 0(3) 0.6( 4) 
C(6) 	- C(2) 	- C(3) - C(4) 175.5( 3) 
N(1) 	- C(2) 	- C(6) -C(1l) -162.0( 3) 
C(3) 	- C(2) 	- C(6) -C(11) 25.5( 5) 
C(2) 	- C(3) 	- 0(3) -C(30) 170.5( 3) 
C(4) 	- C(3) 	- 0(3) -C(30) -3.3( 4) 
C(2) 	- C(3) 	- C(4) - 	 C(S) -0.8( 3) 
0(3) 	- C(3) 	- C(4) - C(S) 173.6( 3) 
	
C(3) - C(4) - C(S) - N(1. 	-0.8( 4) 
C(2) - C(6) -C(ll) -C(10) -171.1( 3) 
C(2) - C(6) -C(11) -C(12) 21.3( 5) 
C(12) - 0(7) - C(8) -C(13) -160.88(25) 
C(12) - 0(7) - C(8) -C(14) 75.1( 3) 
- 0(7) - C(8) - 0(9) 	-47.4( 3) 
C(8) - 0(7) -C(12) -C(11) 11.1( 3) 
C(8) - 0(7) -C(12) -0(12) -174.71(25) 
0(7) - C(8) - 0(9) -C(10) 	51.2( 3) 
- C(8) - 0(9) -C(10) 164.67(25) 
- C(8) - 0(9) -C(10) 	-71.0( 3) 
C(8) - 0(9) -C(10) -0(10) 164.4( 3) 
C(8) - 0(9) -C(10) -C(11) 	-18.0( 3) 
0(9) -C(10) -C(11) -C(6) 170.64(24) 
0(9) -C(10) -C(11) -C(12) 	-20.7(4) 
0(10) -C(10) -C(11) - C(6) -12.1( 4) 
0(10) -C(10) -C(11) -C(12) 	156.6( 3) 
C(6) -C(11) -C(12) - 0(7) -168.18(25) 
C(6) -C(11) -C(12) -0(12) 	18.3( 5) 
C(10) -C(11) -C(12) - 0(7) 24.2( 4) 
C(10) -C(11) -C(12) -0(12) -149.4( 3) 
Oo( 
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Table 20: Bond Lengths(A) with standard deviations 
N(l) - H(l) 0.89( 3) C(8) - 0(9) 1.434( 3) 
N(l) - C(2) 1.380( 3) C(8) -C(13) 1.503( 4) 
N(l) - C(5) 1.337( 3) C(8) -C(14) 1.498( 4) 
C(2) - C(3) 1.398( 3) 0(9) -C(10) 1.352( 3) 
C(2) - C(6) 1.412( 3) C(10) -0(10) 1.211( 3) 
C(3) - H(3) 0.93( 3) C(10) -C(ll) 1.453( 3) 
C(3) - C(4) 1.384( 4) C(ll) -C(12) 1.477( 3) 
C(4) - H(4) 0.95( 3) C(12) -0(12) 1.208( 3) 
C(4) - C(S) 1.381( 4) C(13) -H(131) 1.03( 3) 
C(5) - H(S) 0.96( 3) C(13) -H(132) 0.96( 3) 
C(6) - H(6) 1.00( 3) C(13) -H(133) 1.00( 3) 
C(6) -C(11) 1.367( 3) C(14) -H(141) 0.97( 3) 
0(7) - C(8) 1.431( 3) C(14) -H(142) 1.00( 3) 
0(7) -C(12) 1.353( 3) C(14) -H(143) 0.99( 3) 
Table 21: Angles(degrees) with standard deviations 
H 	) - 	 N( 1) - 	 C(2) 123.6(18) C(13) - 	 C(8) -C(14) 114.40(21) 
H 	) - 	 N( 1) - 	 C(S) 126.4(18) C(8) - 0(9) -C(10) 119.65(17) 
C(2) - 	 r(l) - 	 C(5) 109.76(19) 0(9) -C(10) -0(10) 116.60(19) 
N(1) - 	 C(2) - 	 C(3) 106.19(19) 0(9) -C(10) -C(11) 117.39(18) 
N(l) - 	 C(2) - 	 C(6) 128.92(19) 0(10) -C(10) -C(ll) 125.98(20) 
C(3) - 	 C(2) - 	 C(6) 124.89(20) C(6) -C(11) -C(10) 125.85(19) 
C(2) - 	 C(3) - 	 E(3) 123.3(16) C(6) -C(11) -C(12) 115.89(18) 
C(2) -C(3) -C(4) 108.07(21) C(10) -C(11) -C(12) 117.98(18) 
H(3) - 	 C(3) - 	 C(4) 128.6(16) 0(7) -C(12) -C(11) 117.21(18) 
C(3) -C(4) -H(4) 128.8(16) C(7) -C(12) -0(12) 117.59(19) 
C(3) -C(4) -C(S) 107.06(22) C(11) -C(12) -0(12) 125.14(20) 
H(4) -C(4) -C(S) 124.1(16) C(8) -C(13) -H(131) 111.5(15) 
N(1) - 	 C(5) - 	 C(4) 108.90(21) C(8) -C(13) -H(132) 108.6(15) 
(1) - C(S) - 	 H(5) 118.1(16) C(8) -C(13) -H(133) 107.6(15) 
C(4) -C(S) -H(S) 133.0(16) H(131)-C(13)  110.4(22) 
C(2) -C(6) -1-1(6) 111.1(15) H(131)-C(13)  110.6(22) 
C(2) -C(6) -C(11) 134.65(20) H(132)-C(13) -H(133) 108.1(22) 
H(6) 	-C(6) -C(11) 114.3(15) C(8) -C(14) -H(141) 110.8(15) 
C(8) 	-0(7) -C(12) 119.79(16) C(8) -C(14) -H(142) 109.9(15) 
0(7) 	- C(8) - 0(9) 110.22(16) C(8) -C(14) -H(143) 107.4(15) 
0(7) 	-C(8) -C(13) 109.92(19) H(141)-C(14)  108.4(21) 
0(7) 	-C(8)-C(14) 106.38(18) H(141)-C(14)  108.5(21) 
0(9) 	-C(8) -C(13) 109.83(19) H(142)-C(14) -H(143) 111.9(21) 
0(9) 	-C(8) -C(14) 105.95(18) 
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Table 22: Torsion angles(degrees) with standard deviations 
H(1) - N(l) - C(2) - C(3) 176.4(21) C(8) - 0(7) -C(12) -0(12) -164.38(19) 
H(1) - 	 (1) - C(2) - C(6) -3.3(21) 0(7) - C(S) - 0(9) -C(10) 46.52(24) 
C(S) - 	N(1) - C(2) - C(3) 0.73(25) C(13) - C(8) - 0(9) -C(10) -74.73(24) 
C(5) - 	 N(1) - C(2) - C(6) -178.92(22) C(14) - C(8) - 0(9) -C(10) 161.23(19) 
H(1) - N(1) - C(S) - C(4) -176.5(22) 0(7) - C(8) -C(13) -H(131) -57.3(16) 
H(1) - N(l) - C(S) - H(S) 4.8(28) 0(7) - C(8) -C(13) -H(132) 64.5(16) 
C(2) - N(l) - C(S) - C(4) -1.0( 	3) 0(7) - C(8) -C(13) -H(133)-178.7(16) 
C(2) - N(1) - C(S) - 	 H(S) -179.7(18) 0(9) - C(8) -C(13) -H(131) 64.1(16) 
M(1) - C(2) - C(3) - H(3) -179.4(19) 0(9) - C(8) -C(13) -H(132)-174.0(16) 
- C(2) - C(3) - C(4) -0.2( 	3) 0(9) - C(8) -C(13) -H(133) -57.2(16) 
C(6) - C(2) - C(3) - H(3) 0.3(19) C(14) - C(S) -C(13) -H(131)-176.9(16) 
C(6) - C(2) - C(3) - C4) 179.46(21) C(14) - C(8) -C(13) -H(132) -55.1(16) 
M(1) - 	 C(2) - C(6) - 	 H(6) 179.2(16) C(14) - C(8) -C(13) -H(133) 61.7(16) 
N(1) - 	 C(2) - C(6) -C(11) 0.9( 	4) 0(7) - C(8) -C(14) -H(141) -65.5(16) 
C(3) - C(2) - C(6) - 	 H(6) -0.4(16) 0(7) - C(8) -C(14) -H(142) 174.7(16) 
C(3) - C(2) - C(6) -C(l1) -178.72(24) 0(7) - C(8) -C(14) -H(143) 52.8(16) 
C(2) - C(3) - C(4) - 	 H(4) 179.7(21) 0(9) - C(8) -C(14) -H(141) 177.2(16) 
C(2) - 	 C(3) - C(4) - C(S) -0.3( 	3) 0(9) - C(8) -C(14) -H(142) 57.4(16) 
H(3) - 	 C(3) - C(4) - H(4) -1.1(29) 0(9) - C(8) -C(14) -H(143) -64.5(16) 
H(3) - C(3) - C(4) - 	 C(S) 178.8(20) C(13) - C(8) -C(14) -H(141) 56.1(16) 
C(3) - C(4) - C(5) - 	N(1) 0.8( 	3) C(13) - C(8) -C(14) -H(142) -63.7(16) 
C(3) - 	 C(4) - C(5) - 	 H(S) 179.3(21) C(13) - C(S) -C(14) -H(143) 174.3(16) 
H(4) - 	 C(4) - C(S) - 	N(1) -179.2(19) C(8) - 0(9) -C(10) -0(10) 160.53(19) 
H(4) - 	 C(4) - C(S) - 	 H(S) -0.8(29) C(8) - 0(9) -C(10) -C(11) -21.4( 	3) 
C(2) - 	 C(6) -C(11) -C(10) -3.2( 	4) 0(9) -C(10) -C(11) - 	 C(6) 178.76(20) 
C(2) - C(6) -C(11) -C(12) -176.97(23) 0(9) -C(10) -C(11) -C(12) -7.6( 	3) 
H(6) - C(6) -C(11) -C(10) 178.4(16) 0(10) -C(10) -C(11) - C(6) -3.3( 	4) 
H(6) -C(6) -C(11) -C(12) 4.7(17) 0(10) -C(10) -C(11) -C(12) 170.30(21) 
C(12) - 	 0(7) - C(8) - 0(9) -44.82(24) C(6) -C(11) -C(12) - 0(7) 	-176.65(18) 
C(12) - 	 0(7) - C(8) -C(13) 76.38(24) C(6) -C(11) -C(12)• -0(12) 6.4( 	3) 
C(12) - 0(7) - C(8) -C(14) -159.25(19) C(10)  -C(12)' - 0(7) 9.1( 	3) 
C(8) - 	 0(7)  -C(11) 18.4( 	3) C(10)   -0(12) 	-167.83(21) 
The 1-phenvl-2-methyl-3-rflethOXY derivative (139; R' =Me) 
reacted smoothly to give a single product (140) in 65% 
yield. 	The proton spectrum of (140) showed that the 
resonances corresponding to the proton at the unsubs-
tituted ring position and the proton of the methine 
group in the electrophile could not be assigned 
unambiguously on the basis of their chemical shift 
8.13 and 6 7.68). 	However proton-carbon correla- 
tion experiments showed that the proton at 6 8.13 
corresponded to the unsubstituted ring position 
108.1) and that the proton at 6  7.68 corresponded 
to the carbon of higher chemical shift (6 139.4), typical 
of the methine carbon. 	Subsequent n.O:e. experiments 
then proved that the product was the 5-substituted 
derivative as shown in Scheme 58. 	These experiments also 
0R 
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Scheme 58 
showed the preferred orientation of the 5-substituent 
since irradiation of the methine proton enhanced the 
o-hydrogens and not C4-H. 
Unfortunately the corresponding reaction of the 
analogous 3-hydroxy compound (139; R'=H) failed repeatedly 
T 
due to the sensitive nature of the compound to aerial 
oxidation49 . 
Changing the N-substituent from phenyl to t-butyl 
again had a significant effect on the regiochemistry. 
Using the most conveniently prepared 2-substituted 
1-t--butyl derivative, namely the 2-phenyl example, the 
reaction of the 3-hydroxy compound (141; R
I  =H) gave a 
single product in 75% yield. 	It was evident from the 
'H n.m.r. spectrum that the product (142) had adopted 
the keto form 5H  4.97 
E C-2H) by analogy to the 1-t-
butyl-2-unsubstituted example described earlier (135; 
Scheme 57) . 	The structural assignment was confirmed 
by n.O.e. experiments (Scheme 59) . 	The predominance 
of the keto form is not surprising since the enol 
tautomer would be considerably less favoured sterically. 
Indeed the pyrrolone itself (141; R=H) exists only to 
the extent of 20% in the enol form in DMSO, a solvent 
which causes the 1-t-butyl-2-unsubstituted derivative to 
exist exclusively in the enol form 6 . 	The corresponding 
3-methoxy compound (141; R 1 =Me) reacted very slowly at 
room temperature and even when the reaction was heated 
the product (143) was only isolated in relatively low 
yield (30%) . 	The 1 H n.m.r. spectrum of the product (143) 
could not be unambiguously assigned because of the close 
proximity of the two singlets corresponding to the 
unsubstituted ring position and the methine proton. 
Proton-carbon correlation showed that the proton at lower 
chemical shift 	8.51) corresponded to the carbon at 
.71 
the chemical shift typical of the methine carbon 
147.1) and that the proton at higher chemical shift 
8.81) was associated with the carbon at 6 128.6, 
which must be the unsubstituted ring carbon.. Subsequent 
n.O.e. experiments showed that reaction had occurred in 
the 4-position (Scheme 59). 	The difference in the 
reactivity of the two related compounds can again be 
explained by the form in which they react. 	The methoxy 
compound must react as a pyrrole and reaction occurs at 
the normally less reactive s-position because of the 
steric constraints of the N-t-butyl group 99 . 	Consequently 
reaction is much slower and forcing conditions had to be 
used. 	The hydroxy compound presumably reacts as the keto 
tautomer as found for the 2-unsubstituted derivative 
(131; R' =H) above. 
OR 	 0 
R  
cN,- Ph Ph 
(141) 
+ (133) 
+ (133) 	/ 	 CH 3 CN/r.t. 




Ohio 	 / 	o 
h 
HN  
24 	 2 
(143) 	 (142) 
Scheme 59 
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The final series of experiments involved the 
1-methyl-2-phenyl compounds, (144; R'=H or Me). 	In 
each case a single product was isolated in approximately 
70% yield. 	The proton spectra of these two products 
were very similar but the position of substitution was 
not obvious me-rely by inspection. 	Proton-carbon 
correlation of the product (145) obtained from the 3-
methoxy compound showed that the proton singlet at higher 
chemical shift 	8.3) corresponded to the methine 
carbon at 6 137.9 and also the proton singlet at 6 8.1 
corresponded to the unsubstituted ring carbon at 6 108.2. 
The two methyl groups at 6 3.84 and 6  3.76 correlated 
to the carbons at 6 57.8 (EOMe) and 6 32.2 (ENMe) 
respectively. 	Using this information the substitution 
pattern was finally established by n.O.e. experiments 
which showed that substitution had taken place in the 
5-position (Scheme 60) . 	The position of substitution in 
the product (146) from the corresponding 3-hydroxy 
compound was postulated to be the 5-position by analogy 
with the methoxy example. 	This was confirmed by n.O.e. 
experiments which showed that irradiation of the PINe 
enhanced the methine signal (Scheme 60) 
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( 145 )  
0 
+ (133) 
R'- H \çCN/r.t. 
OH 
1 Ph / 28% N 
HTh 
Me 
( 146 ) 
Scheme 60 
Interestingly, there is no difference in the regio-
selectivity between the hydroxy- and methoxy-derivatives 
in this case. 	Both compounds react, as pyrroles, at the 
5-position (a-position) even although the 3-hydroxy 
derivative has the ability to tautomerise and therefore 
potentially react via the enaminone form. 
In conjunction with the other results it appears 
that when the 2-position is blocked, then reaction 
preferentially takes place in the 5-position. 	If reac- 
tion at this position is sterically disfavoured by the 
presence of a bulky N-substituent then reaction is 
diverted to the less reactive 4-position 99(pyrrole 
93 
s-position). 	This results in lower yields and longer 
reaction times in the case of the 3-methoxy derivatives, 
however the 3-hydroxy derivatives still react in high 
yield under mild conditions via their keto tautomer. 
1 H and 13C spectra 
The spectra of the substituted products showed 
predictable and consistent changes in the chemical shifts 
of the pyrrole ring atoms depending on the position of 
substitution (Table 23). 
CHEMICAL SHIFTS 	of RING POSNS. 












(+18.1) (+10.4) (-1.7) 
6.27 	- 
(-0.10) 
99.1 	151.9 	109.4 
(-0.7) (+3.5) (+13.6) 
123.1 149.1 109.7 
(+4.45) (+2.6) (+15.4) 
- - 8.13 
(+2.06) 
127.7 149.0 108.1 
(+14.8) (+3.6) (+10.9) 
- - 8.11 
(+2.09) 
127.2 149.0 108.4 
(+9.4) (+4.0) (+13.5) 








































4.00 - - 
(+0.05) 
54.8 194.4 110.6 
(+0.6) (-5.4) (+11.4) 
4.97 - - 
(+0.45) 
70.9 195.7 108.6 
(+2.0) (-4.5) (+10.8) 










Table 23: Changes in 1 H and ' 3 C chemical shifts of 'Meidrumsated' products 
R5 OR 	 R5 ' / 0 
R4__I11I11_R2 and 
N 	
R2 1r 3 
Cmpd. 	RING SUBSTITUENTS 
(134) 	'H r.le Ph H H 
13 C Me Ph H H 
(136) 	'H Me t_But H H 
13 C Me <t_But H H 
(137) 	1 H 1e H t_But H 
13 C Me H t_But H 
(143)-'H Me Ph t_Bu t H 
tBu H 13 C Me Ph 
(140) 	'H Me Me Ph H 
13 C Me Me Ph H 
'H Me Ph Me H 
' 3 C Me Ph Me H 
1 H H Ph Me H 
13 data recorded in OMSO 
(135) 	'H H H t_Bu t H 
13 C H H t_But H 
(142) 	'H H Ph t_Bu t H 
tBut H ' 3 C H Ph 
(+ all 	spectra recorded in CDC1 3 un 
OT 
The 2-substituted examples, (134) and (136), show 
consistent changes in chemical shift for all four pyrrole 
ring carbons. 	The position of substitution and the 
directly conjugated 3- and 5-positions show the most 
significant changes. 	Interestingly, the carbon chemical 
shift for the 4-position reflects a net shielding of that 
position. The proton spectra of the 2-substituted 
derivatives also exhibit similar trends with notable 
deshielding at CS-H and no appreciable effects on the 
proton on C4. 
The 4-substituted examples, (137) and (143), also 
show considerable deshielding at the position of substitu-
tion as well as at the 5-position which is directly 
conjugated to the electron-withdrawing group. Interestingly, 
both C2 and C3 show the effects of slight deshielding. 
This must reflect the overall charge on the pyrrole ring 
since neither can directly conjugate with the electron-
withdrawing substituent. 	The 'H spectrum of both these 
derivatives show large high frequency shifts for the proton 
adjacent to the position of substitution presumably due to 
the anisotropic effects of the carbonyl groups of the 
Meidrum's acid ring. 
The 5-substituted derivatives (140) and (145) exhibit 
similar trends in the observed changes in chemical shift, 
but the actual magnitude of these changes is dependent on 
the substituent pattern. 	The chemical shift differences 
in C2 and CS are smaller in (145), the 1-methyl-2-phenyl 
example, than in (140), the 1-phenyl-2-methyl derivative. 
This can be explained by the effect of the 2-phenyl 
group in (145) which can conjugate with the electron-
withdrawing group and therefore decrease the amount of 
formal positive charge associated with the pyrrole ring 
(Scheme 61). 
ONe + 	0ONe 
Ph 
0 
Me 	 No 
(145) 
Scheme 61 
This is in agreement with the observed high frequency 
shift of the p-carbon atom of the 2-phenyl substituent in 
(14') as compared with its alkoxypyrrole percursor (c.f. 
129.2 and 	125.7). 	The changesin chemical shift at 
C3 and C4 in (140) are very similar to the corresponding 
differences in (145) and can be explained in the same way 
as those for the analogous positions of the 4-substituted 
derivatives; similar conclusions hold for the proton 
spectra. 
It is interesting to note that there is also a 
significant high frequency shift of the p-carbon atom in 
the 1-phenyl-2-methyl-5-substituted example (140) as 
compared to the 1-phenyl-2-substituted derivative (134). 
Since direct conjugation between the methoxy group and 
the electron-withdrawing substituent is not possible in the 
9/ 
5-substituted derivative (140) 	the nitrogen lone- 
pair is more delocalised outwith the phenyl ring hence 
causing a deshielding effect at the p-position. 
Finally, the observed changes in chemical shift 
for the 4-substituted examples which exist in the keto 
form [i.e. (135) and (142)1 are consistent and of the 
same magnitude as those reported for a 'keto-fixed' 
derivative6 ,69 
It has previously been shown that flash vacuum 
pyrolysis of the '2-Meidrumsated' derivative (134) of the 
1-phenyl-3-hydroxyPYrrOle gives pyranopyrrole derivatives, 







550 ° C C \ 'X 
( 1 4 7 ) R- H 
(148) R- CO 2 H 
(134) 
Scheme 62 
Pyrolysis of the '4-Meldrumsated'-1-t-butyl example (135) 
also gave a pyranopyrrole (149) . 	It is possible to 
formulate a pathway to the product via a stepwise 

















The high frequency section of the 1 H n.m.r. spectrum 
of the pyranopyrrole (149) shows two pairs of resonances 
corresponding to the two pyrrole ring protons 5H 6.82 
and 6 6.59; J1.8Hz) and the two pyrano protons 5H 7.49 
and 6 5.81; 3 J9.7Hz). 	The doublets for the C3-H and 
the C5-H are split further by a small five bond coupling 
of 0.8Hz. 	The structural assignment was confirmed by 
n.O.e. experiments which showed that irradiation of the 
t-butyl group enhanced both the pyrrole ring protons 
6.83 and 6 6.58) by 17% and 19% respectively. 
(b) Reactions with oxalyl chloride 
Oxalyl chloride has many uses in synthetic organic 
100 
chemistry 	. 	 Surprisingly it has recently been 
reported that its reaction with pyrazoles gives, after 
101 
hydrolysis, 4-carboxylic acid derivatives 	. 	 This 
observation was of particular interest since the corres-
ponding reaction with the 3-alkoxypyrroles could provide 
a simple route to their carboxylic acid derivatives. 
When 3-methoxy-1-phenylpyrrOle (150) was dissolved 
in excess oxalyl chloride at room temperature there was 
copious evolution of hydrogen chloride gas. 	After 
removal of excess oxalyl chloride a hygroscopic crystal- 
line product was obtained in moderate yield (40%) . 	 Both 
the mass spectrum, which gave the parent ion as 
m/z 263/265, and 13 C n.m.r. spectrum, which contained 
eleven signals including five quaternaries, confirmed 
the structural assignment as the glyoxylic acid chloride 
derivative (151) (Scheme 64). 	The position of sub- 
stitution was assigned by analogy with compounds reported 














The decarbonylation observed in the pyrazole series 
obviously did not occur for these pyrrole derivatives. 
However this reaction demonstrates the high reactivity 
of alkoxypyrroles as it represents an uncatalysed 
Friedel Crafts acylation. 
Under the same conditions the corresponding 3-
hydroxypyrrole (152) gave two crystalline products in 
4:1 ratio. 	The minor product was obtained by partial 
removal of the excess oxalyl chloride (see Experimental 
Section). 	The 'H and 13 C n.m.r. spectra of this product 
were similar to those of the glyoxylic product (151) 
obtained from the corresponding 3-methoxypyrrole. However 
the mass spectrum gave a parent ion at m/z 213 which, 
combined with the elemental analysis, gave the molecular 
formula as C 12H 7NO 3 . 	This data is consistent with the 
bicyclic product (153; '25%) shown in Scheme 65 and the 
structure was subsequently confirmed by crystal structure 
determination. 	The crystallographic numbering system 
is shown in Figure 153, and the structural parameters are 
















Table 24 	Bond Lengths(A) with standard deviations 
N(l) - 	C(2) 1.395( 7) C(S) - 0(8) 	1.227( 7) 
N(l) - 	C(S) 1.369( 7) C(ii) -C(12) 1.376( 8) 
N(l) -C(ii) 1.431( 7) C(ii) -C(16) 	1.378( 8) 
C(2) - 	C(3) 1.384( 7) C(12) -C(13) 1.387( 9) 
C(2) C(S) 1.407( 8) C(12) -H(12) 	0.93( 5) 
C3:- C4 1.363( 8) C(13) -C(14) 1.367( 9) 
C(3 ) - 	0(e) 1.383( 6) C(13) -H(13) 	1.01( 5) 
C(4) - 	C(S) 1.374( 8) C(14) -C(15) 1.370( 9) 
C4) - 	H(4) 0.931 5> C(14) -H(14) 	1.00( 5) 
C(S) - 	H(S) 0.99( 5) C(15) -C(16) 1.398( 9) 
0(6) - 	C(7) 1.383( 7) C(15) -H(15) 	1.01( 5) 
C(7) - 	0(7) 1.131( 7) C(16) -1-4(16) 0.96( 5) 
C(7) - 	C(S) 1.548( 13) 
Tbl25: Angles(degrees) with 	standard 	deviations 
Ci2) - 5) 106.2( 4) C(2) - C(S) 	
- 0(8) 136.3( 	5) 
C(2) N 	t 	-C11 127.3(  C(7) 
- C(S) 	- 0(8) 121.1( 	5) 
C(S) -- 	!fl -Cli) 126.5(  N(l) 	
-c(ii) 	-C(12) 119.7( 	5) 
N (1 - - C3) 106.2( ) N(i) 	-C(ii) 	
-C(16) 119.4( 	5) 
(4(1) - 	C. 	- ) 145.ó( 5) C(12) -C(1i) 	
-C(16) 120.9( 	5) 
C(3) - C - CiE} 103. 2( 5) C(ii) -C(12) 	
-C(13) 119.1( 	6) 
Ci) - $4: iii. 4( 5) C(II) -C(12) 	
-H(12) 127. 4(31) 
-- 	- C 114, 9( 5) C(13) -H(12) 
113. 5(31) 
- 06 133.7( 5) C(12) -C(14) 120.6( 	
6) 
C -- 	c - C (5) 104. 4( 5) C(12) -C(13) 	
-H( 13) 115. 8(27) 
0)2) - - r!(4) 128.8(31) C(14) -C(13) 	
-H(13) 123.6(27) 
C)) - 	Cr4) 	-. Hc'i) 126.6(31) C(13) -C(14) 	-C(15) 
119.9( 	6) 
N() - - 24; 111.81 5> C113) -C(14) 	-H(14) 
121.4(28)  
W5 117. 5(28) C(i S ) -C(14) 	-H(14) 
118. 6(28) 
0(4) - 	- H5) 130.6(23) C(14) -C(15) 	
-C(16) 120.6( 	6) 
0(3) - 	O'C: 	- C7> 104.2( 4) C(14) -C(15) 	
-H(15) 123.5(28) 
(1(7) 121. 2( 5) C( 16) -C(15) 	-H( 15) 115. 8(28) 
0(6) - C 	7 	- C(S) 110.0( 4) C(ii) -C(16) 	
-C(15) 119.0( 	5) 
0(7) - (1 - 0(8) 128.7( 5) C(ii) -C(16) 	-H(16) 
115.7(29) 
C(2) - 	C(8) 	- C7) 102.6( 4) C(15) -C(16) 	
-H(ió) 125.2(29) 
Table 2.61 Torsion angles(degrees) with standard deviations 
C(S) 	- (4(1) - 	n2) - 	C(2) -0.7( 6) C(3) - 0(6) - C(7) - 0(7) 178.4( 	
5) 
C(S) 	- 14( 1) - 	012) -- 	OIL;) 178. 6( 8) C(3) - 0(6) - C(7) 
- C(S) -1.2( 5) 
Clii> 	- N( ) - 	0(2) - 	C(3) 179. 9( 5) 0(6) - 	C(7) - C(S) 
- C(2) 2. 11 	6> 
C 	1) - N( 1 ) - C 2) - 	C( (3) -0. 8(11) 0(6) - 	C (7) - C(S) 
- 0(8) -177.6( 5) 
C(2) - 	NI l) - 	C(S) - 	C(4) 0.1( 6) 0(7) - C(7) - C(8) 
- C(2) -177.5( 6) 
C(2) - 	NIl) - 	C(S) - H(S) 176.4(31) 0(7) - 	C(7) - C(S) 
- 0(8) 2.6( 9) 
Ccli> - 	14(1) - 	C(S) - 	C(4) 179.5( 5) 14(i) 
-C(ii) -C(12) -C(13) -178.2( 5) 
Ccli) - 	141 1 ) - 	C(S) - H(S) -4.3(32) N(l ) -C (ii) 
-C( 12) -H(12) 0.6(39) 
C(2) -14(1) -Clii) -C(12) -178.4(5) C(16) 
-C(II) -C(12) -C(13) -0.1(9) 
C (2) - N 	) -C (ii ) -C (16) 3. 5( 8) C (16) -C(ii) 
-C( 12) -H( 12) 178. 6(38) 
C(S) - 	14(1> -C 	11 -C(12> 2.4( 8) N(I) -C(il) -C(i6) 
-C(iS) 178.7( 5) 
C(S)-NIl) -C( 11 -C16) -175.7(5) 14(1) -C(ii) 
-C(16)_-H(16) -4.4(33) 
N(I) - C(2) - 	C(3) - 	C(4) 1.0( 6) C(12) -C(ii) -C(16) 
-C(15) 0.7( 9) 
N(I) - C(2) - C(3) - 	0(6) -178.9( 4) C(12) -C(ii) -C(16) 
-H(16) 177.6(32) 
C(8) - C(2) - C(3) - 	C(4) -178.6( 5) C(II) -C(12)  
 -1.0( 9) 
C(S) - C(2) - 	C(3) - 	0(6) 1.5( 6) C(11) -C(12) -C(13) -H(13) 
-179.2(30) 
N(i) - C(2) - 	C(S) - 	0(7) 178.7( 7) H(12) -C(12) -C(13) -C(14) 
-179.9(33) 
N(l) - C(2) - 	0(3) - 	0(8) -1.5('13) H(12) -C(12) -C(13) 
-H(13) 2.8(45) 
C(3) - C(2) - 	C(S) - 	0(7) -2.0( 6) C(12) -C(13) -C(14) -C(15) 
. 	1.6(10) 
C(3) - C(2) - 	0(8) 0(8) 177.8( 6) 0(12)   -H(14) 
178.E3(32) 
C(2) - C(3) - 	C(4) - 	C(S) -0.9( 7) H(13) -(13) -C(14) -C(15) 
178.6(32) 
C(2) - C(3) - 	0(4) - 	H(4) -175.8(39) H(13) -C(13) -C(14) -H(14) 
-4.1(46) 
0(6) - 	C(3) - 	C( 4) - 	C 05) 179.0( 6) C(13) -C(14) -C(15) -C(16) 
-1.0(10) 
0(6) - C(3) - 	0(4) . 	H(4) 4.1(40) C(13) -C(14) -C(15) -H(iS) 
174.4(33) 
C(2) - 	C(3) - 	0(6) - 	C(7) 1 -0.2( 6) H(14) -C(14) 
-C(15) -C(16) -178. 4(31) 
C(4) - C(3) - 	01.6) - 	Cc?) 179.9( 6) H(14) -C(14) -C(15) -H(15) 
-2.9(46) 
C(3) - 	0(4) - 	0(5) N(l) 0.5( 7) C(14) -C(15) -C(16) -C(ii) 
-0.1( 9) 
C(3) -C4? - 	(5) HIS) -175.2(36) C(14)   -H(16).-176.7(36) 
H(4) - 	C(4)  -. 	(-:5) - 	r-,( 	) 175. 5(38) H( 15) -C(15) -C(16) -C(1i) 
-175. 9(30) 
H(4) - 	0(4 1 -- 5) H(S) -0. 1(53) H(15)   -H(16) 
7.5(47) 
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The crystal data shows that the system is almost 
completely - planar with the phenyl ring a maximum of 2° 
out of plane. This is in contrast with the data for 
the 1-phenylpyrrol-3-one which shows the phenyl ring 
35 
twisted out of plane by 10° 	The bond lengths in 
the pyrrole nucleus of the structure are essentially 
consistent with the expected values 94. However the C3-C4 
bond is significantly shorter than expected for a typical 
pyrrole (c.f. 1.36A and 1.41A respectively) and is indeed 
considerably shorter than in the corresponding 1-phenyl- 
0 
 
pyrrolone (c.f. 1.36A and 1.42A respectively). This must 
represent extensive delocalisation of the nitrogen lone-









In agreement with this interpretation the N1-05 bond is 
0  
shorter than the N1-C2 bond (c.f. 1.369A amd 1.395A 
respectively) and the C8-08 carbonyl bond is longer than 
0 
the C7-07 bond (c.f. 1.227A and 1.181A respectively). 
The lengthening of the N1-Ph bond as compared to the same 
00 
bond in the 1-phenylpyrrolone (c.f. 1.43A and 1.40A 
104 
respectively) also indicates a change in the electronic 
distribution. 	The only significant change in the bond 
angles of the pyrrole nucleus is the widening of the 
angles N1-05-C4 and C2-C3-C4 and this would not appear to 
be due to the constraint imposed on the system by having 
two fused 5-membered rings 102 
Two possible mechanisms can be envisaged for the 
formation of this bicyclic product, namely, initial 
reaction at oxygen followed by intramolecular acylation 
or vice versa. 	It seems that the former possibility 
is the more likely since treatment of the same pyrrolone 
with methyl cyanoformate (Mander's reagent) , a C-acyla-
ting reagent, nevertheless gave predominantly 0-
acylation 103 . 	Similarly the resultant 0-acyl compound 
has been shown to react with oxalyl chloride 
104  thus 
confirming the possibility of the 0-acylated intermediate 
(155) undergoing an intramolecular acylation to give the 
observed product (153) (Scheme 67) 
0 	 OH 
OX . dN CI N -HCI 










The second product formed in this reaction was 
isolated by complete removal of the excess oxalyl chloride 
followed by quenching the resultant gum with ethanol to 
105 
give a white crystalline solid in "-p50% yield. 	The 
product was assigned as ethyl 3-(1-phenyl-2-glyOXYlatO 
ethoxypyrrolyl)OXalate (157) on the basis of its mass 
spectrum (m/z 359), elemental analysis (C 18H 17N0 7 ), 
13  C n.m.r. spectrum (16 signals including 7 quaternaries) 
and 'H n.m.r. spectrum which was very similar to the 
spectrum of the first product in the high frequency 
portion. The formation of this product (157) can equally 
be justified in terms of the mode of formation of the 
bicyclic product (Scheme 65) . 	 Instead of intramolecular 
acylation of the intermediate species (155), reaction with 
another molecule of oxalyl chloride gives the di-acyl 
chloride (156) which is ultimately transformed into the 
oxalate (157) on trituration with ethanol (Scheme 68). 
c o 
( 152 ) 
0 
11 



























(c) Reaction with dienophiles 
Pyrroles that react with electron-deficient 
alkenes and alkynes do so to give, mainly, Michael 
105-107 
	
addition products (158) 	 In the majority of 
cases other products, for example (159) and (160), 
have been identified which can only originate from the 
initial formation of an intermediate cycloadduct species 
107-111 
(161) 	(Scheme 69) 
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The isolation and characterisation of the cycloadducts 
il 
was not achieved until comparatively recent1y 1 , but 
these products are normally obtained in very low 
107 
106,107,111 
yields 	 Consequently several investigations 
were carried out in an attempt to quantify the reactivity 
96 
of pyrroles with dienophiles . 	The aim of these studies 
was to enhance the diene character of the pyrrole ring. 
Pyrroles with bulky nitroqen substituents were considered 
in the hope that the heteroatom would be forced out of the 
plane thus perturbing the if-overlap giving a more 'diene- 
like 	
112,113 
system 	. 	However, the failure of 1-tn- 
phenylmethylpyrrole to undergo cycloaddition and the 
isolation of cycloadducts in poor yields from similar 
derivatives cast serious doubt on the importance of the 
"steric factor" theory. 	Incorporation of a conjugative 
electron-withdrawing group on nitrogen was also unsuccess- 
ful1 08,112,114 
The most dramatic effect on the product distribution 
of this type of reaction was observed when Lewis acids 
were added. 	It was found that, depending on the specific 
conditions used, both reaction times and yields of 
cycloadducts (162) were improved. 	These observations 
led to the hypothesis that these reactions actually proceed 
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Scheme 70 	 (163) 
Consistent with this theory is the failure of N-un-
substituted pyrroles to form cycloadducts, as alternative 
proton transfer to the carbanionic site would give the 
Michael addition product (163) (Scheme 70) 
Finally, failure to isolate the cycloadducts has 
frequently been due to their thermal instability and 
their susceptibility to rearrange under acidic or basic 
conditions 96 . 
The reactivity of furans with dienophiles is much 
better understood and the presence of a 3-methoxy 
substituent enhances the reactivity of these systems 116 
It is proposed that this effect arises from the fl-electron-
donating methoxy group destabilising the furan fl-system; 
molecular orbital calculation justifies this conclusion 117 
Although cycloadditions involving furans undoubtedly 
occur via a concerted mechanism it seemed possible that 
similar effects might also be observed with the inclusion 
of a 3-methoxy substituent on the pyrrole ring. 	The only 
109 
reported reaction of a 3-methoxypyrrole with a dienophile 
to date concerns the reaction of the 1-methyl-5-phenyl 
derivative (164) and maleic anhydride which gave the 
Michael addition product 
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Scheme 71 
With the range of 3-methoxypyrroles now available by the 
regiospecific O-alkylation described earlier (see 
Section A) a comprehensive study was undertaken. 
A series of preliminary in situ experiments were 
carried out using 3-methoxy-1-phenylpyrrole with the 
following range of dienophiles: cis-1,2-bis(phenyl-
sulphone)ethylene, maleic anhydride, phenyipropiolic acid, 
tetracyanoethylene, 4-phenyl-1 ,2,4-triazoline--3,5-dione, 
methyl propiolate, acetylenedicarboxylic acid, and 
dimethyl acetylenedicarboxylate. 	The monoactivated 
acetylenic compounds and the bis-suiphone were found to 
be unreactive, while the only reaction observed with 
acetylenedicarboxylic acid was the acid catalysed deuterium 
exchange of the solvent with the 2-position of the pyrrole. 
However the other dienophiles did react to give, mainly, 
products arising from Michael addition at the 2-position. 
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One of these products, obtained from the reaction 
involving tetracyanoethylene, was fully characterised 
utilizing n.O.e. experiments to establish the regio-
chemistry (Scheme 72) . 	Interestingly, a preparative 
scale reaction gave two products, the expected Michael 
adduct (166) and another compound, identified as (167), 
which was thought to be derived from (166) by elimination 
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The other Michael adducts were thus characterised by 
analogy with (166). 
One notable exception to the general trend was 
dimethyl acetylenedicarboxylate (DMAD) which appeared 
to undergo both Michael addition and cycloaddition. 
Reactions involving a range of 3-methoxy- and corresponding 
3-hydroxypyrroles with DMAD were therefore carried out. 
The methoxypyrrole reactions were carried out in chloroform 
or methylene chloride solution, whereas those involving 
the hydroxy derivatives were performed in dimethyl 
suiphoxide in order to maximise the enol (diene) content. 
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Reaction of 1-t-butyl-3--methoxy- and 3-hydroxypyrrole 
The in situ reaction of the methoxy compound showed 
the formation of two products in 2:1 ratio. 	Both 
appeared to be Michael adducts by the presence of two 
pairs of doublets for the remaining ring positions and 
two singlets for the methine protons. 	The chemical shifts 
of the pair of doublets are very alike (6 6.73 and 5.88 
C.f. tSH  6.72 and 5.84) which indicated that the isomers 
-were of similar structure. 	The methine protons, however, 
were at quite different chemical shift (c.f. cSH  6.92 and 
6.11) consistent with there being cis and trans isomers 
present. 	The two signals for the t-butyl groups were 
also distinct 	1.48 and 1.42) which was convenient 
for the purpose of n.O.e. experiments (Scheme 73) 
/H\ • /OMO 
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Surprisingly the cis isomer (168) was found to be pre-
dominant. 	These experiments also showed that the highest 
frequency methine proton corresponded to the trans isomer 
(169) consistent with it being situated in the deshielding 
zone of two carbonyl groups. 
The corresponding in situ reaction with the hydroxy 
compound in DMSO seemed at first to be giving a number 
of products. 	The possibility of some of these being 
degradation products caused by the nature of the solvent 
was considered and the reaction was repeated in deuteriated 
chloroform. 	Surprisingly, this gave a single product which, 
from the 1 H n.m.r. spectrum, was quite obviously a 2-sub-
stituted Michael addition product existing in the keto 
form because of the presence of a characteristic wide-spaced 
pair of doublets due to C4-H and CS-H 	5.20 and 7.95 
respectively) . 	Line narrowing of the 'H n.m.r. spectrum 
showed fine coupling between C5-H and C2-H (JO.9Hz) and 
between C2-H and the methine proton (J0.8Hz). Assignment 
of the geometry about the double bond was achieved by 
n.O.e. experiments which confirmed that the product (170) 
had the trans configuration. 
° //
CO 2 Me 
MeO2C 	
5 \ H 
6s 
(170) 
When some of this Michael adduct (170) was dissolved 
in DMSO the 'H n.m.r. spectrum obtained after 12 hours was 
identical with that observed for the original in situ 
112 
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experiment. 	Monitoring this transformation more closely 
clearly showed the process taking place. 	Immediately 
on dissolution the trans keto adduct (170) started to 
tautomerise into the trans enol form (171) . 	In the enol 
form direct conjugation reduces the double bond character 
of the alkene allowing more facile rotation which gives 
rise to the cis enol adduct (172). 	This in turn would 
give the cis keto adduct (173) by tautomerism (Scheme 74). 
The alkene protons corresponding to the cis and trans enol 
adducts were again distinct and were assigned by analogy with 
the 1 H n.m.r. spectrum of the corresponding methoxy adducts. 
The cis keto form could not formally be characterised 
but all the spectral information indicates that this is the 
species observed. 	It would therefore appear that the 
original in situ experiment and the spectrum obtained from 
the single Michael adduct in DMSO after 12 hours represents 
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Scheme 74 
Reaction of 1-phenyl-3-methoxy- and 3-hydroxypyrrole 
The in situ reaction of the methoxy compound in 
deuteriated chloroform showed the formation of three 
products. 	Two of the three products could be assigned 
as the Michael adducts (174) and (175) because of the 
characteristic pattern of doublets and singlets for the 
pyrrole ring-protons and methine protons '-espectively. 
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The third product was by far the most abundant and its 
'H n.m.r. spectrum consisted of three one-proton signals 
at 5H 5.43,5.30 and 5.07 as well as signals for the 
aromatics and three methoxy groups. 	This data was con- 
sistent with the formation of the cycloadduct (176) with 
the three one-proton signals corresponding to the one 
alkene and two bridge-head protons. 
Careful separation by column chromatography (see 
Experimental Section) gave two of the three compounds 
uncontaminated, but the compound of highest Rf could not 
be isolated in pure form. 	This component was a Michael 
adduct, assigned as the trans isomer (175) from the chemical 
shift of its alkene proton 6H 
 6.62) by analogy with the 
corresponding t-butyl example discussed previously. 	The 
second component was the cis-Michael adduct (174), which was 
again assigned by analogy. 	The line-narrowed 'H n.m.r. 
spectrum of the cycloadduct, the compound of lowest Rf, 
revealed a fine coupling between the signals at 6 H 
 5.43 
and 6 5.07 (J1.0Hz) confirmed by decoupling experiments. 
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The ' 3 C DEPT spectrum showed nine proton bearing carbons 
of which three were methyls and the other six were 
methine groups. 	The non-aromatic methine signals came 
at 6 72.14, 72.40 and'99.57, assigned to the two bridge-
head carbons and one alkene carbon by proton-carbon 
correlation. 	Unfortunately the cycloadduct (176) could 
not be crystallised but comparison of the ri.m.r. data with 
structures confirmed by crystal structure determination 







C(HA) 	£ 72.14 
C(HB) 	S 72.40 
c(H)S 99.57 
(176) 
Subsequently a repeat of this reaction in DMSO led to the 
formation of the cycloadduct (176) uniquely. 
The in situ reaction of the corresponding hydroxy 
compound in deuteriated DMSO was very rapid. 	After 
approximately fifteen minutes at room temperature the 
reaction was complete and yielded three products. 	From 
the chemical shifts it appeared that two of the products 
were the cis and trans Michael adducts (ratio '\6:1 
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respectively), identified by analogy with the rnethoxy 
analogues. 	The major component was assigned as a 
cycloaddition product by the presence of the two one-
proton signals at 6 5.16 and 4.86 characteristic of the 
bridge-head protons observed in the methoxy analogue. 
The expected signal for the third methine proton was absent 
but was replaced by two geminally coupled aliphatic signals 
at 6 2.52 and 2.19. 	This implied that the initially 
formed cycloadduct (177) undergoes tautomerism to give 
(178), the observed product (Scheme 75). 
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Separation of this mixture of compounds proved to be 
very difficult and laborious. 	However a small amount 
of the cycloadduct was isolated by chromatography. 	A 
118 
' 3
C DEPT experiment confirmed the presence of the methylene 
group (& 34.02) and the two bridge-head methines (6 66.26 
and 52.38) 
Reaction of 1-phenyl-2-methyl-3-methoxy- and 1-phenyl-2-
methyl-3 -hydroxypyrrole 
Since all the previous Michael reactions took place 
at the 2-position it was of interest to study the effect 
of a 2-substituent on the outcome of the reaction. 
Observation of the in situ reaction of the methoxy com-
pound showed that reaction was complete in under 3 hours 
with the formation of three products, although one product 
was present in only a very small amount and could not be 
isolated by chromatography. 	The 1 H n.m.r. spectrum of 
the first product eluted from the column, which corresponded 
to the less abundant of the two major components, contained 
signals for the aromatics, four methyl groups (3 methoxys) 
and two one-proton signals at 6 6.54 and 6.25. 	This 
pattern of signals suggested that this was a Michael 
adduct with the two singlets corresponding to the unsub-
stituted ring position and the methine proton. 	The 
regiochemistry was established by a series of n.m.r. 
experiments though it was essential first to assign which 
of the methoxy groups in the product originated from the 
3-methoxy substituent of the precursor pyrrole. 	This was 
achieved by repeating the experiment with a deuterium 
labelled 3-methoxy group and identifying its chemical shift 
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in the original spectrum by its absence in the spectrum 
of the product. 	Sequential n.O.e. experiments then 
identified that the Michael adduct (179) had been formed 
by reaction at the 5-position and that the geometry of 
the double bond in the product was trans. 
61 3x 
OMe 
I 	3x 3z 
( 179 ) 
NP h 
4e 
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(180) 
The second and most abundant product isolated by 
chromatography was identified as the cycloaddition product 
(180) because of the characteristic peaks in the 1 H n.m.r. 
spectrum associated with the bridge-head 5H 	
and 
alkene protons '5H  4.98) . 
	Similarly the 13 C n.m.r. 
spectrum clearly showed the presence of signals for the 
bridgehead (6 69.14) and alkene (6 100.19) positions. 
Final conclusive structural elucidation was gained by 
obtaining an X-ray crystal structure of the cycloadduct. 
The structure is shown, along with crystallographic 
numbering, in Figure 180 with the relevant data presented 
in Tables 27-29. 
A later development in this reaction was the 
















Table 27: Bond Lengths'(A) with standard deviations 
C(1) -C(1M) 1.505( 6) C(3) - C(4) 1.557(  
C(1) - 	 C(2) 1.569( 5) C(31) -0(31) 1.196(  
C(1) - C(6) 1.543( 5) C(31) -0(32) 1.328( 5) 
C(1) - 	 N(7) 1.509( 5) 0(32) -C(32) 1.453( 6) 
C(2) -C(21) 1.473( 6) C(4) - C(5) 1.542( 6) 
C(2) - 	 C(3) 1.326( 5) C(4) - 	 N(7) 1.491( 5) 
C(21) -0(21) 1.197( 6) C(S) - 	 C(6) 1.313( 6) 
C(21) -0(22) 1.326( 5) C(6) - 0(6) 1.353( 5) 
0(22) -C(22) 1.462( 6) 0(6) -C(6M) 1.451( 6) 
C(3) -C(31) 1.468( 6) N(7) -C(1P) 1.437( 4) 
Table 28: Angles(degrees) with standard deviations 
C(1M) - 	C(1) - 	 C(2) 116.1( 3) C(3) -C(31) -0(32) 112.0(  
C(1M) - 	C(1) - 	 C(6) 117.6( 3) 0(31) -C(31) -0(32) 124.0(  
C(1M) - 	 C(1) - 	 N(7) 119.4( 3) C(31) -0(32) -C(32) 117.2( 3) 
C(2) - 	C(1) - 	 C(6) 105.3( 3) C(3) - C(4) - C(S) 106.2( 3) 
C(2) - 	C(1) - 	 t(7) 99.5( 3) C(3) - C(4) - 	 N(7) 100.8( 3) 
C(6) - 	 C(1) - 	 N(7) 95.4( 3) C(S) - C(4) - 	 N(7) 98.7( 3) 
C(1) - 	 C(2) -C(21) 123.0( 3) C(4) - C(S) - 	 C(6) 104.1( 3) 
C(1) - 	 C(2) - 	 C(3) 106.6( 3) C(1) - C(6) - C(5) 109.6( 4) 	- 
C(21) - 	 C(2) - 	 C(3) 130.4( 4) C(1) - 	 C(6) - 0(6) 116.5( 3) 
C(2) -C(21) -0(21) 124.4( 4) C(5) - C(6) - 0(6) 133.9( 4) 
C(2) -C(21) -0(22) 111.9( 4) C(6) - 0(6) -C(6M) 113.8( 4) 
0(21) -C(21) -0(22) 123.7( 4) C(.1) - 	 N(7) - 	 C(4) 94.7( 3) 
C(21) -0(22) -C(22) 116.5(  C(1) - 	 (7) -C(IP) 118.5( 3) 
C(2) - 	 C(3) -C(31) 130.5(  C(4) - 	 (7) -C(LP) 117.0( 3) 
C(2) - 	 C(3) - 	 C(4) 106.1( 3) N(7) -C(1P) -C(2P) 122.54(23) 
C(31) - 	 C(3) - 	 C(4) 123.4( 3) N(7) -C(1P) -C(6P) 117.39(23) 
C(3) -C(31) -0(31) 124.0(4) 
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Table 29: 	Torsion angles(degrees) with standard deviations 
C(1M) - C(1) - C ( 2 ) -C(21) -19.5( 5) 0(21) -C(21) -0(22) -C(22) -6.2( 6) 
C(1M) - C(1) - C ( 2 ) - C(3) 163.6( 3) C(2) - 	 C(3) -C(31) -0(31) 164.4( 5) 
C(6) - C(1) - C ( 2 ) -C(21) 112.6( 4) C(2) - 	 C ( 3 ) -C(31) -0(32) -17.2( 6) 
C(6) - C(1) - C(2) - C(3) -64.3( 4) C(4) - C(3) -C(31) -0(31) -18.2( 6) 
N(7) - C(1) - C ( 2 ) -C(21) -149.0( 4) C ( 4 ) - C(3) -C(31) -0(32) 160.3( 3) 
N(7) - 	 C ( 1 ) - C ( 2 ) - 	 C ( 3 ) 34.1( 4) C ( 2 ) - C(3) - C(4) - C(S) 69.0( 4) 
C(LM) - 	 C(1) - C(6) - 	 C(S) -163.3( 4) C(2) - C(3) - C(4) - N(7) -33.5( 4) 
C(1M) - 	 C(1) - C(6) - 	 0(6) 16.3( 5) C(31) - C(3) - C(4) - C(S) -109.0( 4) 
C(2) - 	 C(1) - C(6) - 	 C(5) 65.5( 4) C(31) - 	 C(3) - C(4) - 	 N(7) 148.6( 4) 
C(2) - C(1) - C(6) - 	 0(6) -114.9( 4) C(3) -C(31) -0(32) -C(32) -178.0( 3) 
N(7) - C(1) - C(6) - 	 C(5) -35.9( 4) 0(31) -C(31) -0(32) -C(32) 0.4( 6) 
N(7) - C(1) - C(6) - 	 0(6) 143.7( 3) C(3) - 	 C(4) - C(S) - C(6) -68.4( 4) 
C(IM) - C(1) - 	 N(7) - C(4) -179.2(  (7) - 	 C(4) - 	 C(5) - C(6) 35.6( 4) 
C(1M) - C(1) - 	 N(7) -C(IP) -54.9(  C(3) - 	 C(4) - 	 N(7) - C(1) 52.0( 3) 
C(2) - 	 C(1) - 	 N(7) - 	 C(4) -51.8( 3) C(3) - 	 C(4) - 	 N(7) -C(1P) -73.3( 3) 
C(2) - 	 C(1) - 	 N(7) -C(1P) 72.5( 3) C(S) - 	 C(4) - 	 N(7) - 	 C(1) -56.5( 3) 
C(6) - 	 C(1) - 	 N(7) - 	 C(4) 54.7( 3) C(5) - 	 C(4) - 	 N(7) -C(1P) 178.2( 3) 
C(6) - 	 C(1) - 	 N(7) -C(1P) 179.0( 3) C(4) - C(S) - C(6) - C(1) 0.7( 4) 
C(1) - C(2) -C(21) -0(21) -57.3( 6) C(4) - C(S) - 	 C(6) - 0(6) -178.9( 4) 
C(1) - 	 C(2) -C(21) -0(22) 120.6( 4) C(1) - C(6) - 0(6) -C(6M) -170.3( 4) 
C(3) - C(2) -C(21) -0(21) 118.7( 5) C(5) - C(6) - 0(6) -C(6M) 9.2( 7) 
C(3) - C(2) -C(21) -0(22) -63.4( 6) C(1) - 	 (7) -C(1P) -C(2P) -110.7( 3) 
C(1) - 	 C(2) - 	 C(3) -C(31) 177.1( 4) C(1) - 	 N(7) -C(IP) -C(6P) 72.4( 3) 
C(1) - C(2) - 	 C(3) - 	 C(4) -0.7( 4) C(4) - 	 7) -C(1P) -C(2P) 1.7( 4) 
C(21) - 	 C(2) - 	 C(3) -C(31) 0.5( 7) C(4) - 	 N(7) -C(1P) -C(6P) -175.3( 3) 
C(21) - 	 C(2) - 	 C(3) - 	 C(4) -177.3( 4) N(7) -C(1P) -C(2P) -C(3P) -176.90(24) 
C(2) -C(21) -0(22) -C(22) 175.8(3) N(7) -C(1P) -C(6P) -C(SP) 177.05(23) 
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in the 'H n.m.r. spectrum of the in situ experiment 
were altering with time. 	The decrease in the amount of 
cycloadduct with the apparent enhancement of the third 
unidentified minor product was most noticable (Graph 1) 
The increase in the intensity of the unidentified products 
signals made its assignmeiit possible without isolation. 
As expected on the basis of previous results, n.O.e. 
experiments confirmed this to be the 5-substituted cis 




cycloadduct was rearranging to give the cis Michael 
adduct as defined by the geometry of the original compound. 
This gave rise to the marked increase in the cis Michael 
adduct which then equilibrated slowly with its trans 
isomer. 
Subsequently, a repeat of this reaction in deuteriated 
DM50 gave cycloaddition only. 
The corresponding in situ reaction involving the 
hydroxy compound also showed the formation of three products. 
Two of the three were quite clearly the cis and trans 
5-substituted Michael adducts (182) and (183) by analogy 
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GRAPH 1: 	Kinetic vs thermodynamic product distribution in the reaction between 
















Table 30: Bond Lengths(s) with standard deviations 
C(1) - C(2) 1.547( 3) C(5) - C(6) 1.528( 4) 
C(1) - C(6) 1.542( 4) C(6) - 0(6) 1.205( 4) 
C(1) - N(7) 1.506( 3) N(7) -C(1P) 1.4318(25) 
C(1) -C(1M) 1.498( 4) C(21) -0(21) 1.199( 4) 
C(2) - C(3) 1.327( 4) C(21) -0(22) 1.312( 4) 
C(2) -C(21) 1.488( 4) 0(22) -C(22) 1.441( 5) 
C(3) - C(4) 1.538( 4) C(31) -0(31) 1.198( 4) 
C(3) -C(31) 1.473( 4) C(31) -0(32) 1.325( 4) 
C(4) - C(S) 1.549( 4) 0(32) -C(32) 1.461( 5) 
C(4) - N(7) 1.479( 3) 
Table 31: Angles(degrees) with standard deviations 
C(2) - C(1) - C(6) 100.92(19) C(1) - C(6) - C(5) 106.65(21) 
C(2) - C(1) - 	 N(7) 101.94(18) C(1) - C(6) - 0(6) 125.10(25) 
 - C(1) -C(IM) 118.76(21)  - 	 C(6) - 0(6) 128.3( 	3) 
 - C(1) - 	 N(7) 97.16(19) C(1) - N(7) - C(4) 96.41(18) 
C(6) - C(1) -C(1M) 114.86(21) C(1) - 	 N(7) -C(1P) 118.09(17) 
.T(7) - C(1) -C(IM) 119.55(21) C(4) - 	 N(7) -C(1P) 117.43(17) 
C(1) - C(2) - C(3) 106.79(21) C(2) -C(21) -0(21) 121.9( 	3) 
C(1) -C(2) -C(21) 122.86(21) C(2) -C(21) -0(22). 112.88(24) 
C(3) - C(2) -C(21) 128.76(24) 0(21) -C(21) -0(22) 125.0( 	3) 
C(2) - C(3) - 	 C(4) 107.07(22) C(21) -0(22) -C(22) 115.8( 	3) 
C(2) - C(3) -C(31) 125.72(24) C(3) -C(31) -0(31) 123.8( 	3) 
C(4) -C(3) -C(31) 126.47(23) C(3) -C(31) -0(32) 111.76(24) 
C(3) - C(4) - C(5) 105.48(20) 0(31) -C(31) -0(32) 124.4( 	3) 
 - C(4) - N(7) 102.38(19) C(31) -0(32) -C(32) 116.2( 	3) 
C(5) - C(4) - N(7) 100.08(19) N(7) -C(1P) -C(2P) 118.26(14) 
 - C(5) - C(6) 99.39(21) N(7) -C(1P) -C(6P) 121.71(14) 
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Table 32: Torsion angles(degrees) with standard deviations 
C(6) - C(1) - C(2) - 	 C(3) 70.94(24) C(2) - C(3) - C(4) - C(S) -72.4( 	3) 
C(6) - C(1) - C(2) -C(21) -95.8( 	3) C(2) - C(3) - C(4) - 	 N(7) 31.9( 	3) 
N(7) - C(1) - C(2) - 	 C(3) -28.88(25) C(31) - C(3) - C(4) - C(S) 98.1( 	3) 
N(7) - C(1) - C(2) -C(21) 164.35(22) C(31) - C(3) - C(4) - N(7) -157.63(25) 
C(1M) - C(1) - C(2) - C(3) -162.59(23) C(2) - C(3) -C(31) -0(31) -8.5( 	5) 
C(1M) - C(1) - C(2) -C(21) 30.6( 	3) C(2) - C(3) -C(31) -0(32) 170.1( 	3) 
C(2) - C(1) - C(6) - C(S) -71.08(24) C(4) - C(3) -C(31) -0(31) -177.3( 	3) 
C(2) - C(1) - C(6) - 0(6) 108.7( 	3) C(4) - C(3) -C(31) -0(32) 1.3( 	4) 
N(7) - C(1) - C(6) - C(5) 32.60(24) C(3) - C(4) - C(5) - C(6) 66.77(24) 
N(7) - C(1) - C(6) - 0(6) -147.6( 	3) N(7) - C(4) - C(5) - C(6) -39.20(23) 
C(1M) - C(1) - C(6) - C(5) 159.91(22) C(3) - C(4) - N(7) - C(1) -46.99(21) 
C(1M) - C(1) - C(6) - 	 0(6) -20.3( 	4) C(3) - C(4) - N(7) -C(1P) 79.33(22) 
C(2) - C(1) - N(7) - C(4) 46.03(20) C(5) - C(4) - N(7) - C(1) 61.47(20) 
C(2) - C(1) - 	 N(7) -C(1P) -79.81(22) C(5) - C(4) - N(7) -C(1P) -172.21(18) 
C(6) - C(1) - N(7) - C(4) -56.78(20) C(4) - C(S) - C(6) - C(1) 3.3( 	3) 
C(6) - C(1) - N(7) -C(1P) 177.38(18) C(4) - C(S) - C(6) - 0(6) -176.4( 	3) 
C(1M) - C(1) - 	 N(7) - 	 C(4) 179.28(22) C(1) - N(7) -C(1P) -C(2P) -68.84(23) 
C(1M) - C(1) - N(7) -C(1P) 53.4( 	3) C(1) - N(7) -C(1P) -C(6P) 113.23(20) 
C(1) - C(2) - 	 C(3) - C(4) -1.4( 	3) C(4) - N(7) -C(1P) -C(2P) 176.34(17) 
C(1) - C(2) - C(3) -C(31) -171.98(25) C(4) - N(7) -C(1P) -C(6P) -1.6( 	3) 
C(21) - C(2) - 	 C(3) - 	 C(4) 164.37(25)  -C(21) -0(22) -C(22) 178.9( 	3) 
C(21) - C(2) - C(3) -C(31) -6.2( 	5) 0(21) -C(21) -0(22) -C(22) 3.2( 	4) 
C(1) - C(2) -C(21) -0(21) 74.2( 	4)  -C(31) -0(32) -C(32) 178.6( 	3) 
C(1) - C(2) -C(21) -0(22) -101.6( 	3) 0(31) -C(31) -0(32) -C(32) -2.8( 	4) 
C(3) - C(2) -C(21) -0(21) -89.5( 	4) N(7) -C(1P) -C(2P) -C(3P) -177.97(15) 
C(3) - C(2) -C(21) -0(22) 94.7( 	3) N(7) -C(1P) -C(6P) -C(5P) 177.90(15) 
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(184) 
The third, and most abundant, product was assigned as 
the cycloadduct (184) by the appearance of the charac-
teristic ABX system at 6 4.87, 2.58 and 2.22 observed 
previously for the cycloadduct formed from 1-pheriyl-3-
hydroxypyrrole. 	This structural assignment was 
subsequently confirmed by a crystal structure which is 
shown in Figure (184) along with the crystallographic 
numbering system and tables of data (Tables 30-32). 
Reaction of 1-methyl-2-phenyl-3-methOxy- and 1-methyl-
2-phenyl-3-hydroxypyrrole 
The in situ reaction of the methoxy compound required 
to be left at room temperature overnight to go to com-
pletion. 	The three products could be assigned without 
isolation as the cis and trans Michael adducts, (185) an ,!  
(186.), and the cycloadduct (187) by analogy with the 
previous example. 	Interestingly the cycloadduct was not 
the major product (<20%) and the reaction was not as clean 
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as the previous examples. The cis and trans Michael 
products were again easily distinguishable by the 
significantly different chemical shifts of their 
respective alkene protons (c.f. 5H  5.96 and 6.90 
respectively) 
OMe 
Me 02 C 	
h 
Mo 0 2 C H 




CO 2 Me 
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CO2Me MOO AM e 
(186) 	 (187) 
The same reaction in DMSO gave a very curious result. 
After approximately one hour, the reaction was observed to 
be yielding, mainly, the cycloaddition product as well as 
small amounts of both Michael adducts. 	Integration of 
the signals at this point showed that the reaction was 
approximately 50% complete. 	However, after leaving the 
sample overnight at room temperature, all the starting 
material and cycloaddition product had disappeared with the 
only distinguishable peaks being due to a tiny amount of 
both Michael adducts. 	Attempted separation was unsuccess- 
ful and the reaction was not pursued further. 
The in situ reaction of the corresponding hydroxy 
compound showed the formation of three products but again 
this reaction was not as clean as previous examples. The 
structures were easily assigned without isolation by 
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analogy with those observed for the corresponding methoxy 
example. 	Both the cis (188) and trans (189) Michael 
adducts were clearly evident as minor products but, in 
contrast, the major component was the cycloaddition 
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Reaction of 1_t_butyl-2-phenyl-3-methoXy and 1-t-butyl-
2-phenyl-3-hydroxypyrrOle 
Observation of the in situ experiment involving the 
methoxy compound showed this reaction to be very slow 
(t 1  n,34 hours) with the formation of two products. 	Both 
products could easily be assigned as 5-substituted Michael 
adducts and the major component was the cis isomer (191; 
90%) , easily distinguished from the trans isomer (192; 
10%) from the chemical shift of the respective alkene 
singlets (c.f. 6 H 
 6.1 and 6.8 respectively). 
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( 1 9 2 ) 
A repeat of this reaction in deuteriated DMSO was even 
slower. 	After approximately one month at room tempera- 
ture, both Michael adducts could be detected on the 
baseline of the 'H n.m.r. spectrum but decomposition was 
also evident. 
In direct contrast, the analogous reaction with the 
corresponding hydroxy compound in DMSO was reasonably 
rapid and clean to give a greater than 95% yield of one 
product. 	This product was easily identified as the 
cycloadduct (193) from its 1 H n.m.r. spectrum by the 
presence of the diagnostic ABX system at 6 4.85, 2.49 
and 2.12. 	The formation of Michael adducts could not 








An X-ray determination confirmed the structure of the 
cycloadduct which is shown in Figure 193 along with the 
crystallographic numbering systems and data tables 
(Tables 33-35) 











Table 33: Bond Lengths(A) with standard deviations 
C(1) - C(2) 1.551( 6) C(6) - 0(6) 1.203( 6) 
C(1) - C(6) 1.581( 7) N(7) - C(7) 1.498( 6) 
C(1) - N(7) 1.508( 6) C(7) -C(71) 1.533( 7) 
C(1) -C(1P) 1.494( 5) C(7) -C(72) 1.526( 7) 
C(2) - C(3) 1.332( 6) C(7) -C(73) 1.535( 7) 
C(2) -C(21) 1.489( 7) C(21) -0(21) 1.196( 6) 
C(3) - C(4) 1.528( 6) C(21) -0(22) 1.337( 6) 
C(3) -C(31) 1.485( 7) 0(22) -C(22) 1.445( 7) 
C(4) - C(5) 1.531( 7) C(31) -0(31) 1.203( 7) 
C(4) - 	 N(7) 1.490( 6) C(31) -0(32) 1.312( 6) 
C(5) - C(6) 1.513( 7) 0(32) -C(32) 1.457( 6) 
Table 34:: Angles(degrees) with standard deviations 
C(2) - C(1) - C(6) 99.3( 4) C(1) - 	 N(7) - C(4) 95.3( 3) 
C(2) - C(1) - N(7) 103.2( 3) C(1) - N(7) - C(7) 121.1( 3) 
C(2) - C(1) -C(1P) 120.0( 3) C(4) - 	 N(7) - C(7) 118.5( 4) 
C(6) - C(1) - N(7) 96.6( 3) N(7) - C(7) -C(71) 114.9( 4) 
C(6) - C(1) -C(1P) 115.3( 4) N(7) - C(7) -C(72) 109.6( 4) 
N(7) - C(1) -C(1P) 118.5( 3) N(7) - C(7) -C(73) 106.5( 4) 
C(1) - C(2) - C(3) 106.7( 4) C(71) - C(7) -C(72) 109.8( 4) 
C(1) - 	 C(2) -C(21) 125.3( 4) C(71) - C(7) -C(73) 108.7( 4) 
C(3) - C(2) -C(21) 127.8( 4) C(72) - C(7) -C(73) 107.0( 4) 
C(2) - C(3) - C(4) 106.6( 3) C(2) -C(21) -0(21) 124.7( 5) 
C(2) - C(3) -C(31) 126.8( 4) C(2) -C(21) -0(22) 109.9( 4) 
C(4) - C(3) -C(31) 126.3( 4) 0(21) -C(21) -0(22) 125.5( 5) 
C(3) - C(4) - C(S) 105.6( 4) C(21) -0(22) -C(22) 115.4( 4) 
C(3) - C(4) - N(7) 104.2( 4) C(3) -C(31) -0(31) 123.5( 5) 
C(S) - 	C(4) - N(7) 100.1( 4) C(3) -C(31) -0(32) 111.3( 4) 
C(4) - C(S) - C(6) 100.3( 4) 0(31) -C(31) -0(32) 125.2( 5) 
C(1) - C(6) - C(5) 105.6( 4) C(31) -0(32) -C(32) 116.2( 4) 
C(1) - 	 C(6) - 0(6) 125.6( 5) C(1) -C(1P) -C(2P) 121.6( 3) 
C(S) - C(6) - 0(6) 128.8( 5) C(1) -C(1P) -C(6P) 118.4( 3) 
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Table 35: 	Torsion angles(degrees) with standard deviations 
C(6) 	- C(1) - C(2) - C(3) -70.9( 4) C(3) - C(2) -C(21) 
-0(21) -66.9( 7) 
C(6) 	- C(1) - C(2) -C(21) 103.6( 5) C(3) - C(2) 
-C(21) -0(22) 114.8( 5) 
N(7) 	- C(1) - C(2) -- C(3) 28.2( 5) C(2) - C(3) - C(4) 
- 	 C(5) 73.2( 5) 
N(7) 	- C(1) - C(2) -<(21) -157.3( 4) C(2) - C(3) 
- 	 C(4) - N(7) -31.7( 5) 
C(1P) 	- C(1) - C(2) - C(3) 162.6( 4) C(31) - C(3) - C(4) 
- 	 C(5) -101.1( 5) 
C(1P) 	- C(1) - C(2) -C(21) -22.8( 6) C(31)- C(3) - C(4) 
- N(7) 153.9( 4) 
C(2) - C(1) - C(6) - C(5) 72.1( 4) C(2) - C(3) -C(31) 
-0(31) -17.0( 8) 
C(2) - C(1) - C(6) - 0(6) -108.1( 5) C(2) - 	 C(3) -C(31) 
-0(32) 161.5( 5) 
N(7) - 	 C(1) - C(6) - C(S) -32.5( 4) C(4) - C(3) -C(31) 
-0(31) 156.3( 5) 
N(7) - C(I) - C(6) - 0(6) 147.3( 5) C(4) - C(3) -C(31) 
-0(32) -25.2( 7) 
C(1P) - C(1) - C(6) - C(5) -158.3( 4) C(3) - C(4) - C(S) 
- C(6) -66.9( 4) 
C(1P) - C(1) - C(6) - 0(6) 21.5( 7) I(7) - C(4) - 	 C(5) 
- 	 C(6) 41.1( 4) 
C(2) - C(1) - N(7) - C(4) -44.4( 4) C(3) - C(4) - N(7) 
- C(1) 46.0( 4) 
C(2) - C(1) - N(7) - C(7) 83.5( 4) C(3) - C(4) - N(7) 
- C(7) -83.8( 4) 
C(6) - C(1) - M(7) - C(4) 56.9( 4) C(S) - C(4) - N(7) 
- C(1) -63.1( 4) 
C(6) - C(1) - 	 (7) - C(7) -175.2( 4) C(S) - C(4) - N(7) 
- 	 C(7) 167.1( 4) 
C(1P) - 	 C(l) - N(7) - C(4) -179.6( 4) C(4) - C(S) - C(6) 
- C(1) -4.6( 5) 
C(1P) - 	 C(1) - N(7) - C(7) -51.7( 5) C(4) - 	 C(5) - C(6) 
- 0(6) 175.7( 5) 
C(2) - C(l) -C(LP) -C(2P) -17.6( 5) C(1) - 	 rI(7) - C(7) 
-C(71) -55.1( 5) 
C(2) - C(1) -C(1P) -C(6P) 161.1( 3) C(1) - N(7) - C(7) 
-C(72) 69.1( 5) 
C(6) - C(1) -C(LP) -C(2P) -136.3( 4) C(1) - N(7) - C(7) -C(73) 
-175.5( 4) 
C(6) - 	 C(1) -C(LP) -C(6P) 42.5( 5) C(4) - 	 N(7) - C(7) 
-C(71) 61.6( 5) 
N(7) - C(1) -C(IP) -C(2P) 110.1( 4) C(4) - 	 N(7) - C(7) 
-C(72) -174.2( 4) 
N(7) - 	 C(1) -C(IP) -C(6P) -71.2( 4) C(4) - 	 'T(7) - 	 C(7) -C(73) 
-58.9( 5) 
C(1) - 	 C(2) - C(3) - C(4) 1.7( 5) C(2) -C(21) -0(22) 
-C(22) 174.1( 4) 
C(1) - 	 C(2) - C(3) -C(31) 176.1( 4) 0(21) -C(21) -0(22) 
-C(22) -4.1( 7) 
C(21) - 	 C(2) - C(3) - C(4) -172.7( 4) C(3) -C(31) -0(32) 
-C(32) -177.0( 4) 
C(21) - 	 C(2) - C(3) -C(31) 1.7( 8) 0(31) -C(31) -0(32) 
-C(32) 1.4( 7) 
C(1) - C(2) -C(21) -0(21) 119.6( 6) C(1) -C(1P) -C(2P) 
-C(3P) 178.7( 3) 
C(1) - 	 C(2) -C(21) -0(22) -58.6( 6) C(1) -C(1P) -C(GP) 
-C(52) -178.7( 3) 
Table 36: The effect of substituents and solvent on product distribution in the reactions involving 
3-hydroxy- and 3-methoxypyrroles with DMAD 
SUBSTRATE AND REACTION CONDITIONS PRODUCTS 	(%) 
SUBSTRATE APPROXIMATE cis MICHAEL trans MICHAEL 
REF.NO . R' R 2 R 3 SOLVENT REACTION TIME -- 	CYCLOADDUCT ADDUCT ADDUCT 
 t-Bu H OMe CDC1 3 12 hours 	 0 	 67 33 
t-Bu H OMe DMSO 1 hour 0 96 4 
 t-Bu H OH DMSO 12 hours 	 0 	Enol 	16 Enol 	34 Keto 25 Keto 25 
t-Bu H OH CDC1 3 12 hours 	 0 	 0 100 
 Ph H OMe CDC1 3 24 hours 	 75 	 15 10 
Ph H OMe DMSO 12 hours< 100 0 0 
 Ph H OH OMSO 1 hour< 	 60 	 34 6 
Ph H OH CDC1 3 24 hours 13 22 65 
 Ph Me OMe CDC1 3 3 hours< 	78 	 16 6 
Ph Me OMe DMSO 3 hours< 100 0 0 
 Ph Me OH DMSO 3 hours< 	70 	 12 18 
 Me Ph OMe CDC1 3 12 hours 	 20 	 58 22 
Me Ph OMe DMSO see Discussion Section 
 He Ph OH DMSO 1 	hour 	 70 	 13 17 
 t-Bu Ph OMe CDC1 3 t 	34 hours 	11 0 90 10 
t-13u Ph OMe DMSO see Discussion Section 
 t-Bu Ph OH DMSO 24 hours 	 95 	 3 • 2 
 Ph Ph OH DMSO 24 hours 98 1 1 
w 
Conclusions 
Deriving conclusions from the results in Table 36 
was difficult for a number of reasons. 	Most important, 
from the point of view of product ratio, was the problem 
of assigning whether kinetic or thermodynamic products 
were being observed since isomerism was evident in some 
examples. 	Reactions involving the 3-hydroxypyrrole 
derivatives could also be complicated by the possibility 
of tautomerism which introduced other variables. 	However, 
one fact that was very clear from the in situ formation 
of the Michael addition products was that the proton 
abstracted by the carbanionic centre never originated 
from the solvent since no deuterium was ever found to be 
incorporated. 
The two types of product observed in these reactions 
could, potentially, be formed by different mechanisms. 
The Michael addition products must be formed by a dipolar 
mechanism which would be favoured in more polar solvents. 
However, either a dipolar pathway, in which solvent effects 
would be expected, or a concerted pathway, in which solvent 
effects would not be expected, could be envisaged for the 
formation of the cycloadducts. 	When the same substrates 
were reacted in chloroform (non-polar) and DMSO (polar) 
an increase in the proportion of cycloadduct was observed 
in the more polar solvent (Table 36) . 	This is evidence 




For the 2-unsubstituted examples it is possible 
to propose the formation of both types of product via 
a common intermediate (205) by such a mechanism (Scheme 
76) 
hIT chae I OR 0 45 Adduc t 
MO2CCCCOIUe 	+ 	 ,co2'el 
Cyc lo- I 	a d d CO hi. 
(195)R 1 t_B u .RH(197)RPh,RH 	(2Q5) 
(194)R'..t-Bu,R.Me (196)R 1 -Ph,RMe 
Schema 76 
This explains the observed increase in the proportion of 
cycloadduct formed in DMSO by the increased solvation of 
the dipolar intermediate (205) which restricts the 
abstraction of a proton and thus promotes internal collapse 
(path b). 	An increase in the amount of cycloadduct is 
also observed when the sübstituent on the heteroatom is 
changed from t-butyl [(194) and (195)1 to phenyl [(196) 
and (197)] (Table 36). 	This can be explained in two 
ways. 	Firstly, the steric effect of the bulky t-butyl 
group could block the required transition state geometry 
for internal collapse (path b). 	Secondly, the 5-position 
of the N-phenyl examples will be more electrophilic by 
virtue of the electron accepting phenyl substituent 
which should enhance attack by the carbanionic centre 
(path b). 	There are no significant differences in 
product distribution caused by changing from a 3-hydroxy 
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to a 3-methoxy substituent in the 2-unsubstituted 
examples. 	However, the reaction of the 1-t-butyl-3- 
hydroypyrro1e (195) in chloroform is apparently anoma-
lous but, as previously mentioned, the possibility of 
tautomerism introduces more unknown variables. 
Surprisingly the introduction of a 2-methyl sub-
stituent [i.e. (198) and (199)1 has no significant effect 
on the product distribution. 	This is interesting since 
two possible sites of attack can be envisaged, namely 
the 2- or 5-positions, in which the nature of the 2-
substituent would be expected to have an affect. 	The only 
product that could be derived from attack at the 2-position 
is the cycloadduct (Scheme 
77)t• 	Attackat the 5- 
position (the other pyrrole a-position) could give rise to 
both Michael addition and cycloaddition (Scheme 77). 
OR 	 OR 	 [ CIO R 



















ADDUCT 	 . 	 ONLY 
CYC LOAD DUCT 
Scheme 77 
T The formation of 2,2-disubstituted pyrrolones is 
formally possible but was never observed. 
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In the 2-phenyl substituted examples an increase 
in the proportion of cycloadduct relative to the 2-
unsubstituted derivatives is generally observed [e.g. 
(197) and (204); Table 36]. 	This observation may be 
associated with resonance stabilisation of the inter- 
mediate (206) which occurs from attack at the 5-position 
(Scheme 78) 
OR 	 [1 OR 	 Wlchael 
adduot 
,tract Ion 
Ph + DUAD 
1 R 	 IE3 	C 5—ATTACK L0teer n a I 
(200)R -Me ,R-Me 	L jooi ' 	 i Cyc Ia — Es t 
(201)R-H,R'-Me 	
adduct 
(204)R..H,R'..hle 	 (206) 
Scheme 78 
The introduction of a 2-phenyl substituent in the 
N-t-butyl derivatives [(202) and (203)1 had an inconsistent 
effect. 	The hydroxy example (203) reacted reasonably 
quickly to give cycloaddition almost uniquely, whereas 
the methoxy compound (202) reacted very slowly to give 
only Michael addition. 	The same set of experiments with 
the 1-methyl-2-phenyl compounds [(200) and (201)] essen- 
tially gave a similar pattern of results. 	Repeating the 
reactions of both the methoxy compounds in DMSO (see 
Table 36) gave some indication as to the reasons for the 
anomalous results. 	Whilst the 1-t -butyl example gave very 
slow reaction, the 1-methyl derivative showed a rapid 
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formation of cycloadduct followed by the equally rapid 
transformation of the product into some unknown species. 
Thus the problem of kinetic versus thermodynamic control 
again appears to be confusing the situation. 
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Structure and properties of cycloadducts 
The crystal structure data (Tables 27 - 35) for 
the three cycloadducts [(180), (184) and (193)] show 
that there is no significant difference in the bond 
lengths of the three examples other than the obvious 
changes associated with the different functionalities. 
All three structures show that the N-substituent 
is orientated over the esters and that it is slightly 
forced away from the substituted bridgehead. 	The steric 
interactions of the bridgehead substituent also cause 
the angles at that bridgehead position to be significantly 
different from the other. 	The most noticeable effect is 
reflected in the torsion angles of the two ester sub- 
stituents. 	The ester nearest in space to the substituted 
bridgehead shows the most exaggerated deviation from the 
plane defined by the double bond. 	This effect is much 
more pronounced in (184) than in (180) since the bridge-
head substituent is now orientated away from the ester 
group because of the relief of steric crowding in changing 
from the enol ether to the keto function. 
Both of. the nitrogen atoms in the N-phenyl examples 
are obviously pyramidal but a certain degree of delocalisa-
tion must occur since the aromatic protons do not appear 
as a singlet in the 'H n.m.r. spectrum. 	The chemical 
shift - of the a-carbon atom of the N-phenyl ring provides 
a sensitive measure of the ability of the nitrogen atom 
to conjugate with the aromatic ring. 	Compared with the 
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equivalent position in dimethyl aniline 	117.0) 118 
the chemical shift of the para-position shows a 
significant shift to higher frequency [6 123.1 and 
124.4 for (180) and (184) respectively]. This represents 
a decrease in conjugation relative to dimethyl aniline. 
Indeed the shift to lower frequency of c.a. 4.5-5.5 p.p.m. 
relative to benzene infers that the electron donating 
ability of the azanorbornene system as a whole is 
approximately equivalent to a fluoro (AcS C -4.5) or an 
acetamido 	-5.5) substituent respectively 118 . 
The cycloadducts derived from methoxypyrroles contain 
an enol ether functionality which was found to be suscep-
tible to hydrolysis under mild conditions to give the 
same adducts as those obtained from the corresponding 
hydroxypyrroles. Indeed partial hydrolysis was observed 
by simply eluting these compounds down a silica column 
(Scheme 79) 
NR 	 NR 
II, cc go I 	
4e 
MOO _J 	 I I R1 	 n-hexane/(toAc 
2 Me 	 CO 2 Me 
Scheme 79 
The thermal instability of cycloadducts derived 
from pyrroles to give 3,4-disubstituted pyrroles by a 
retro Diels-Alder reaction was mentioned previously in 
this section. This type of transformation is also a 
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well known gas-phase reaction that has been carried out 
119 
with many systems 	. 	 It was therefore envisaged that 
flash vacuurnpyrolysis of the cycloadducts derived 
from the 3-hydroxy- and 3-methoxypyrroles might undergo 
a similar process. 
The adducts derived from the hydroxypyrroles have 
only one possible concerted mechanism of cleavage which 
involves loss of ketene (Scheme 80) 
M602C )A~ 
(184)R-Ph,R'-Me 
(193) R- 1-Bu , R 1 -Ph 
Me0 2 C 	CO Me 
10 	Torr 	 R 
( - C H  2  C 0 ) 
(207)R-Ph,R 1 -kle 
(208)R .t-Bu,R 1 ..Ph 
Scheme 80 
Pyrolysis of the two cycloadducts shown gave single 
products which were identified as the pyrroles [(207) 
and (208)1 by comparison with the literature (see 
Experimental Section). 
The thermolysis of an adduct derived from a methoxy-
pyrrole has two possible concerted mechanisms for cleavage 
to give either a pyrrole-3,4-dicarboxylate by cleavage 
of methoxyacetylene or the starting methoxypyrrole by 
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However, pyrolysis of the cycloadduct (180) obtained 
from 2-methyl-1-phenyl-3-methOxypyrrOle gave a mixture 
of at least six products . 	The most - abundant products 
were the cis 5-substituted Michael adduct, the pyrrole 
diester and some of the starting cycloadduct which were 
all assigned from the 'H n.m.r. spectrum of the mixture. 
Interestingly, no alkoxypyrrole was detected which 
suggests that only one of the previously suggested 
mechanisms is observed. 	Also the fact that some of the 
cycloadduct underwent the pyrolysis unchanged suggests 
that this structure is more thermally stable than those 
cycloadducts derived from the hydroxypyrroles and 
certainly much more stable than the cycloadducts derived 
from simple pyrroles. 
C. 	ALKENYL PYRROLONES 
The preparative route to 1H-pyrrol-3(2H)-ones 
using flash vacuum pyrolysis (f.v.p.) is slightly limited 
in that only N-substituted derivatives can be prepared 
5,6 
	
using the current methodology 	. 	One potential approach 
to the synthesis of N-unsubstituted pyrrolones using 
f.v.p. involved the preparation of the 5-oxazolidinyl-
methylene Meldrum's acid derivatives (209). 	It was 
envisaged that the pyrolysis of these substrates would 
give the fused bicyclic pyrrolones (210) which could then 
be hydrolysed to release the amino function and provide a 
C 1 side chain in the 2-position which could be manipulated 
(Scheme 82) 
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However, the bicyclic pyrrolones (210) were never 
observed, instead the 1H-1-alkenylpyrrOl -3(2H)OneS (211) 
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Scheme 83 
The remainder of this section deals with the 
characterisation of these products and an attempt to 
rationalise their formation. 
Preparation of Oxazolidines (213) 
RH 4 &R 
\—o 
(213) 
These heterocyclic compounds were prepared using 
the method of Cope and Hancock 120. 	The 2,2-penta- 
methylene-, 4,4-dimethyl-2,2-pentamethylefle and 2,2-
pentamethylene-4-phenyloXaZo.lidifle were all prepared by 
condensation of the appropriate ethanolamine with cyclo- 
hexanone using acid catalysis. 	The 2,2-dimethyl- 
derivative had to be prepared and reacted in situ because 
of its susceptibility to hydrolysis. 
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Preparation of 5-oxazolidinylmethylene-2 , 2-dimethyl-
3 , 5-dioxane-4 , 6-diones 
The majority of these compounds were prepared in 
high yield (>80%) by reacting the appropriate oxazolidine 
with 5-methoxymethylene Meidrum's acid in acetonitrile. 
The compound derived from 2,2-dimethyloxazolidifle proved 
slightly troublesome to prepare because of the labile 
hydrolysis of the oxazolidine. 	However, optimal con- 
ditions were established by carrying out the complete 
reaction in acetone which gave the desired product only 
(see Experimental Section). 	The [ 2 H 6 ]-labelled 2,2- 
dimethyloxazolidinyl derivative was also prepared by this 
method using [ 2 H6]acetone. 
Pyrolysis of 5-oxazolidinylmethylene derivatives 
The pyrolysis of the 2,2-pentamethylene derivative 
(214) proceeded relatively cleanly to give an involatile 
oil which formed at the mouth of the trap. 	The 1 H n.m.r. 
spectrum of the product in deuteriated chloroform was not 
consistent with the expected product (215), but was quite 
clearly a pyrrolone from the presence of the characteristic 
wide-spaced doublets at 6 7.94 and 5.15 respectively. 
The existence of a two-proton singlet at 6 3.82 suggested 
that the product was probably a 2-unsubstituted pyrrolone. 
The only other resolved peak in the spectrum was a one- 
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proton alkene triplet of 6 5.01. 	The remainder of 
the 'H n.m.r. spectrum was a collection of unresolved 
aliphatic multiplets. 	The ' 3 C n.m.r. spectrum was also 
consistent with the product being a pyrrolone containing 
an alkene substituent but more interestingly showed only 
ten carbon signals, one less than expected. 	The mass 
spectrum gave a parent ion at m/z 163, and the accurate 
mass data correlated with an empirical formula of 
C 10H 13NO. 	All of this information was consistent with 
the additional loss of CH 2O from the substrate during 
pyrolysis and enabled the product to be assigned as 
1_cyclohexenyl-1H-pyrrOl-3(2H) -one (216) (Scheme 84). 
ioi 	0 	 o__\ç 	 o 
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Scheme 84 
Changing the n.m.r. solvent to DMSO caused the 
pyrrolone to tautomerise to the enol form, however, the 
compound remained partially (20%) as the keto form. 
The 1 H n.m.r. spectrum of the enol form showed three one-
proton signals for the three pyrrole ring protons, a one-
proton triplet of triplets in the alkene region 5H 
and unresolved aliphatics. 	Subsequent n.O.e. experiments 
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finally confirmed the structural assignment as well 
as showing that the chemical shifts of the pyrrole ring 
proton signals in the 'H n.m.r. spectrum were in the 
same order as those observed for simple 3-hydroxy- 6 





( 2 1 6 ) 
These results also indicate that rotation around the 
N-cyclohexenyl bond must be facile since both the methine 
and methylene groups of the cyclohexenyl substituent are 
enhanced by irradiation of the hydroxypyrrole 2- and 5-
protons. 
Subsequent repeats of this pyrolysis on a larger 
scale revealed the formation of an insoluble polymeric 
material which formed well into the trap. 	This was 
thought to be the residue of the formaldehyde lost during 
the thermolysis. 
Two possible mechanisms could be envisaged for the 
formation of the alkenylpyrrole. 	The first, Scheme 85(a), 
would involve abstraction of a proton to the nitrogen 
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atom followed by the concerted loss of formaldehyde to 
give a dipolar species which then cyclises to give the 
observed product. 	The second mechanism would involve 
121 
the standard cs-abstraction 4, 
	of a proton to generate 
a different dipolar intermediate which then collapses 
to give a pyrrolone. 	This species then goes on to 
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Scheme 85 
These two mechanisms could be easily differentiated 
by a deuterium labelling experiment involving the 2,2-
dimethyloxazolidinyl-derivative (217) in which the methyl 
groups were labelled. 	Hence s-abstraction [Scheme 85(a)] 
would lead to deuterium incorporation in the 4-position of 
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the product, whereas, ct-abstraction would lead to protium 
at this position. 	In addition the 4,4-dimethyl-2,2- 
pentarnethyleneoxàzolidiflYl derivative (218) was synthe-
sized in which both ct-positions are blocked. 
0 
0 C R Y:  R 
0 





The pyrolysis of the unlabelled 2,2-dimethyl. example 
proceeded cleanly to give two products in a 3:1 ratio 
[Scheme 86.(a) ] .The structure of the major component was 
easily assigned as 1_(1_methylethenyl)-1H-Pyrrol3(2H)ofle 














—(cH 3 )co + CO 2 
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(217) 	 (219) 	 (220) 
Scheme 86(a) 
The alkene methylene group in the major product (219) 
appears as a singlet in its 1 H n.m.r. spectrum and resonates 
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at a considerably lower frequency 6H 
 4.11) than the 
corresponding position in the cyclohexenyl example (216; 
consistent with additivity parameters for the 
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respective substituents 	. 	Similarly the differences 
in the ' 3C n.m.r. chemical shifts follow the same 
pattern 123 . 	Changing the solvent to DMSO caused the 
compound to tautomerise although once more an equili-
brium mixture of keto (37%) and enol (63%) forms wos 
observed. 	Interestingly, the protons of the alkene 
methylene group now appeared non-equivalent. 
The minor compound [220; Scheme 86 (a)] formed from 
pyrolysis of (217) also appeared to be a pyrrolone from 
the chemical shifts of the signals in the 'H n.m.r. spectrum 
but instead of the usual characteristic doublets, a triplet 
and double doublet were observed. 	The 'H n.m.r. spectrum 
of this component also contained two methyl singlets as 
well as a very broad signal which integrated to one proton. 
The mass spectrum and accurate mass data showed that this 
compound was isomeric with the major product. 	Unfortunately, 
further analytical data could not be obtained for this 
compound because of its sensitive nature, however the 
structure assigned is consistent with the available data. 
Thus the presence of the NH explains the extra couplings. 
Similarly, the fact that no tautomerism was observed on 
changing the n.m.r. solvent to DMSO was consistent with a 
pyrrolone with this substituent pattern. 
A series of pyrolyses of the 2,2-dimethyl example 
(217) over a range of temperatures (5004--3-750°C) revealed 
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that these two products were formed in approximately 
the same proportions at all temperatures; 	This suggested 
that perhaps both products [(219) and (220)1 were being 
formed from a common intermediate. 
The pyrolysis of the labelled 2,2-dimethyloxazolidinyl 
derivative (217; R=CD 3 ) revealed no deuterium incorporation 
in either the 4- or 5-positions of the product. 	This 
clearly discounts s-abstraction [Scheme 85(a)] as the 
mechanism of formation for the alkenyl pyrrolones. 	It 
appears therefore that the initial steps in their formation 
is the standard o-abstraction followed by subsequent loss 
of formaldebyde [Scheme 85 (b) 1. 	Further information 
concerning the later stages of the mechanism was obtained 
from a closer study of the results from the deuterium 
labelling experiments. 	The observed increase in the 
amount of the minor product (220) is consistent with a 
deuterium isotope effect kH 
	of 2.1 in the partition of 
t.e common intermediate to the two products. 	The magnitude 
of this effect is typical of rate-determining transfer 
under f.v.p. conditions 4 . 	The most likely structure for 
the intermediate which is consistent with these data is 
the fused aziridine (221). 	Free radical cleavage of the 
aziridine ring leads to the 2-(dimethylmethylene)-pyrrOle 
(220) [route (a) I , whereas, rate-determining hydrogen 
cleavage in a retro-ene like step leads to the N-alkenyl 
product (219) [route (b)1 [Scheme 86(b)]. 
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Since the labelling experiment showed that the 
reaction mechanism involved cyclisation to the free 
a-position [Scheme 85(b)], the pyrolysis of the 4,4-
dimethyl-2,2-pentamethylene derivative (218) which has 
no free ct-positions was of interest. 	This pyrolysis 
proceeded cleanly to give a low melting point solid with 
none of the formaldehyde derived polymeric material being 
formed. 
The 1 H n.m.r. spectrum of the product contained a 
widely spaced pair of doublets (5H  6.98 and 4.99 respec-
tively, 3HH 
 7.1Hz) which is consistent with the presence 
of a 6-membered rather than a 5-membered enone unit 124 . 
The proton spectrum also contained a geminally non- 
equivalent methylene group at 6 3.95 and 3.87 (2j HH 9.0Hz), 
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two one-proton aliphatic multiplets at cSH 2.63 and 2.43, 
two methyl singlets at 6 1.38 and 1.35 as well as a 
collection of aliphatic multiplets which integrated to 
seven protons. 	The mass spectrum of the unknown gave a 
parent ion at m/z 221 which was consistent with the loss 
of acetone and carbon dioxide only during pyrolysis. 
Accurate mass data confirmed the molecular formula as 
C 1 3 H 1 9NO 2 . 
A combination of 13 C n.m.r. experiments (i.e. BB, 
fully coupled and DEPT) showed that the thirteen carbons 
of the molecule consisted of three quaternaries, three 
methine, five methylene and two methyl groups. 	The 
caibonyl (6 193.29) and two alkene carbons (6 142.66 and 
97.73) of the enone sequence were easily assigned. 	The 
molecule also contained six aliphatic carbons (two methyl 
and four methylene signals) which came in a narrow range 
between 6 29.06 and 21.28. 	Three of the four remaining 
signals which came in the intermediate chemical shift range 
were clearly derived from the oxazolidinyl starting 
material and inferred that the oxazolidine ring had 
remained intact, consistent with the observation that 
formaldehyde was not lost during pyrolysis. 	The last 
remaining signal was a methine at 6 50.07 which was shown 
by carbon-proton correlation to be associated with the 
deshielded aliphatic proton at 6 2.63. 	The tricyclic 




Because of the decalin-like structure of the two 
6-membered rings, the ring-junction could be cis or trans. 
However, the proton at the ring-junction must be 
equatorial since no large, axial, couplings are observed. 
This immediately eliminates the trans isomer since the 
only form possible requires this proton to be axial. 
Similarly the requirement of this proton to be equatorial 
means that only one form of the two interconvertible cis 
conformers is observed. 	Interestingly the conformer 
observed appears to be the most sterically disfavoured 
since the carbonyl of the enone unit must be in the axial 
position. 	However the reason for this conformer being 
favoured can be seen clearly using models when both con-
formers are compared [Figures (223) and (224)1. 
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The destruction of the 7r-overlap in (224) is significant 
as compared to (223) which accommodates the flat 
enaminone portion of the structure. 	Subsequent n.O.e. 
experiments confirmed these structural and conformational 
assignments since (223) is the only structure in which an 
enhancement of the bridgehead proton by irradiation of 






A 2D-COSY n.m.r. experiment showed that the other 
distinguishable deshielded aliphatic signal 5H 
 2.43) 
was coupled to the bridgehead proton and the subsequent 
use of models revealed that this signal must be due to 
the equatorial proton of the adjacent methylene group. 
The reason for this position being deshielded is the 
proximity of the proton to the carbonyl's 'n-system. 
The cis nature of the fusion between the two 6-
membered rings suggested that the product may have been 
formed as the result of a [4+ 2] cycloaddition reaction. 
















A final experiment carried out in this series 
involved pyrolysis of the 4-phenyl-2, 2-pentamethylene 
derivative (225) . 	 However the 1 H n.m.r. spectrum of the 
crude pyrolysate was very complex and showed the possible 
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Alkylation and Attempted Hydrolysis of Alkenyl Pyrrolones 
Both the 1-cyclohexenyl- (216) and 1-(1-methyl-
ethenyl)-pyrroloneS (219) were successfully O-alkylated 
in moderate to low yield using the conditions described 
earlier in this thesis (see Section A). 
dOM Owe 
N 	 CN 
(22) 
(228) 
The methoxypyrroles, (226) and (227), were both stable 
oils which could be purified and handled easily at room 
temperature. 	Analogous N-alkenyl pyrroles have been 
prepared previously and have been reported to undergo acid 
catalysed hydrolysis to give N-unsubstituted derivatives 125 
This appeared attractive since hydrolysis of (226) and 
(227) would provide a route to N-unsubstituted 3-alkoxy-
pyrroles. 	However, although a parent ion consistent with 
the desired product was detected by G.C./M.S., a mixture 
of compounds was obtained and this line of experimentation 
was not pursued. 
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D. 	THIOPHEN-3 (211) -ONES 
Two recent papers concerning the preparation and 
reactivity of 5- [bis (methylthio) methylene] Meidrum' s 
acid (228) were of interest because they provided a 
potential route to the substrates (231) required for the 
126,127 
preparation of 5-substituted pyrrolones 	. 	Thus 
reaction of (228) with three equivalents of Grignard 
reagent resulted in displacement of one methylthio group 
to give compounds with the general structure (229) 
Subsequently, reaction of (229) with ammonium chloride 
displaced the second methylthio group and gave the 
corresponding amino compounds (230) . 	It was therefore 
envisaged that a similar second displacement step using 
secondary amines would provide a synthetic route to the 
desired substrates (231) (Scheme 90) . 	The successful 
preparation of 5-substituted pyrrolones will be dealt 
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However, another possibility which arose at this 
time was that pyrolysis of methyithio-derivatives might 
lead to thiophenones. 	Indeed pyrolysis of (228) under 
similar conditions to those used for the pyrolyses 
leading to the formation of the pyrrolones gave a 
crystalline material easily identified as 5-thiomethyl- 
thiophen-3(2H)-one (232) by 'H n.m.r. (Scheme 91). 	This 
reaction was simultaneously discovered by Chuche and co- 
128 
workers 	. 	It was therefore decided to carry out a 
comprehensive study of the synthesis of thiophen-3-
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(i) Preparation of 5-Thioalkylmethylene Meldrum's Acid 
Derivatives 
By analogy with the corresponding pyrrolones (233; 
X=NR) the required substrates for the preparation of 
4,5-unsubstituted thiophen-3(2H)-ones (233; X=S) are the 

















An examination of the literature revealed a potential 
preparative route to these derivatives. 	This involved 
the displacement of methanol from the 5-methoxymethylene 
Meidrum's acid derivative by reaction with the approp- 
riate mercaptan in methanol 129 . 	However, the purification 
of the product was laborious and yields were generally low. 
This procedure was therefore improved by carrying out the 
same displacement reaction in acetonitrile solution which 
gave 75-90% yields of high quality materials (235) simply 
by removal of solvent (see Experimental Section) 
(235) 
R-We , E t , I—Pr • Ph • Benz y I • etc. 
The preparation of the precursor for the parent unsub-
stituted thiophenone, 5- (methyithiomethylefle) 1eldrum' s 
acid (235; R=Me) was not feasible by the above procedure 
because of the problems associated with using methyl 
mercaptan. 	Instead this derivative was prepared by 
adapting the synthesis of the 5-methoxymethylene compound 
which involves the condensation of trimethyl orthoformate 
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with Meidrum's acid 130 . 	Seitz and Braun 131 have shown 
that the corresponding tris(methylthio)methane can also 
be condensed with active methylene compounds using Lewis 
Acid catalysis. 	An extension of this methodology 
provided the synthetic route to the desired compound (236) 
(Scheme 93). 
HC(S—Me) 3 
0 	0 	AId 3 	 0 	0 
A C 20 	 0 0 




(a) Preparation of mercaptans 
The majority of the mercaptans used were commercially 
available. 	However the chiral 1-phenylethyl mercaptan 
was prepared by a literature method via the decomposition 
of its xanthate ester 
132 (see Experimental Section) 
A single enantiomer was obtained by resolution of 
diastereomeric xànthate esters which allowed the preparation 
of the chiral Meidrum's acid derivative (247). 
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(b) Structural, physical and spectroscopic properties 
of 5-thioalkylmethylene Meidrum's acid derivatives 
The n.rn.r. spectra of these Meidrum's acid 
derivatives are very similar to each other. 	The methine 
proton appears as a singlet between 6  8.9 and 9.1 (see 
Table 37). 	These values are significantly deshielded 
as compared to the data for the corresponding amino 
derivatives (6 8.0_8.55)6 which must be due to the greater 
electron-donating capacity of nitrogen. 	The ring methyl 
substituents normally appear as a singlet at between 
1.60-1.75, consistent with the values observed in the 
amino series 6. 	However, the 'H n.m.r. spectrum of the 
phenylethyl example (247) shows the two methyl groups to 
be non-equivalent 5H 1.64 and 1.66). 	This prochirality 
arises from the asymmetry of the thioalkyl group which 
creates two different magnetic environments. 	A similar 
phenomenon was also observed in the aminomethylene 
series 6 
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Table 37: 'H Chemical Shift of C5-CH and C2-Me's in 
5-Thioalkylmethylene Meidrum' s Acid Derivatives 
/0 
O 0 
SUBSTRATE R C5-CH C2-Me's 
 Methyl 8.93 1.65 
 Ethyl 8.99 1.68 
 i-Propyl 8.98 1.61 
 Benzyl 8.99 1.67 
 Furfuryl 9.04 1.66 
 Phenyl 9.04 1.73 
 Cyclohexyl 9.00 1.62 
 -CH 2CO 2Et 8.99 1.66 
 -CH 2CH2OH 9.08 1.65 
(245) -CH 2CH 2CO 2H 9.29 1.66 
 Allyl 8.96 1.63 
 -CH(Me)Ph 8.90 1.64 	and 	1.66 
All spectra recorded in CDC1 3 except (*), which was 
recorded in [ 2 H6]DMSO. 
The ' 3 C n.m.r. data for the thioalkyl Meidrum's 
derivatives are consistent with there being essentially no 
rotation around the methylene double bond at room 
temperature since two discrete carbonyl signals are 
observed. 	This is in contrast to the similar amino 
derivatives in which the carbonyl signals appear as one, 
near coalescent, broad singlet 6 . 	This difference can 
be explained in terms of the electron-donating properties 
of the two heteroatoms. 	The greater capacity of nitrogen 
for electron donation leads to less double-bond character 
in the methylene bond via the dipolar canonical form 
shown (248) and hence more facile rotation (Scheme 94; 
X=NR). 
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Scheme 94 
This is also reflected in the 13 C chemical shifts of 
corresponding positions in the thioalkyl- (Table 38) and 
aminom ethylene 6 Meldrum's acid derivatives. 
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Table 38: 13 C Chemical Shifts of Thioalkylmethylene 





SUBSTRATE R C2 C2-Me's C4 CS CS-C C6 
 Methyl 104.9 27.3 160.9 108.3 172.8 160.3 
 Ethyl 104.8 27.3 160.9 108.3 170.9 160.5 
 i-Propyl 104.4 27.0 160.4 107.7 168.8 160.2 
(39) Benzyl 105.0 27.4 160.9 108.6 169.9 160.3 
 Furfuryl 105.0 27.4 160.9 108.9 169.3 160.1 
 Phenyl 105.1 27.4 160.9 108.5 170.3 160.2 
 Cyclohexyl 104.7 27.3 160.9 107.8 169.4 160.7 
 -CH 2CO 2Et 105.2 27.4 160.9 109.6 169.2 159.9 
 -CH 2CH 2OH 104.8 27.0 160.9 107.9 172.6 160.4 
 -CH 2CH 2CO 2 H 104.5 26.8 160.6 107.8 172.4 159.8 
 Allyl 104.9 27.3 160.9 108.9 169.6 160.2 
 -CH(Me)Ph 104.8 27.4 160.8 108.3 168.8 160.2 
* 
recorded in [ 2 H6]DMSO 
The C2, C5, C5-C, and the carbonyl signals of the thioalkyl- 
methylene derivatives, (236)--(247) are observed consistently 
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in the ranges 6 	 104.4-105.2, 6 107.7-109.6, 6 169.2- 
172.8 and 6 160.2-160.9 respectively. However these 
values can differ significantly from the corresponding 
data of the aminoinethylene derivatives  (Table 39). 
Table 39: 13 C chemical shift ranges for corresponding 
positions in 5-amino- and 5-thioalkyl-
methylene Meidrum's acid derivatives 
'~
/ 0 






















The most significant difference is observed in CS (A 	22.5- 
25) caused by this position being in direct conjugation with 
the heteroatom. 	This infers a considerable decrease in the 
contribution made by the dipolar canonical form shown (249) 













The C5-C signal, which cannot directly conjugate with 
the heteroatom, is also significantly deshielded. 	This 
can be explained by an increased contribution from the 
canonical form shown (250) , and subsequent decrease in 
the contribution from (249) which would be consistent with 


















Interestingly, there is essentially no difference in the 
chemical shifts of the carbonyl signals. 	This must be 
due to the molecule compensating for the apparent reduction 
in electron-density from the heteroatom in the S-derivatives 
by utilizing the available electron-density from the fo rmal 
ester linkage. 	This would result in an increased 
contribution from the dipolar canonical form (251) which 
is consistent with the observed increased deshielding at C2 
(Scheme 97) 









The 13 C n.m.r. spectrum of the bis(methylthio-
methylene) compound (228) shows some significant differ-
ences when compared with the corresponding data for the 
monosubstituted methyithiomethylene deritive (236). 
The signals corresponding to C5 (& 118.5 c.f. 6 108.3) and 
C5-C (6 192.0 c.f. 6, 172.8) are both shifted to higher 
frequency but, interestingly, the carbonyls appear in the 
same chemical shift range as that for the monosubstituted 
examples (6 159.5-161.0). 	The deshielding of C5 is 
surprising since it can apparently conjugate with both 
heteroatoms (see below) 
The crystal structure data of the mono-methylthio 
derivative [(236), Tables 40-421 ,  known to be compatable 
with the methoxymethylene and methylaminomethylene examples 
133, shows some interesting differences when compared with 
that of the bis(methylthio) compound [(228), Tables 43-45]. 
The most noticeable change is observed in the position of 
the methylene group substituents with respect to the plane 
defined by the 'n-system of the methylene group and the two 
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carbonyl groups. 	The thiomethyl group of the mono- 
substituted examples can be accommodated in this plane 
with only a small distortion (3•50) caused by steric 
interactions with the nearest carbonyl group. 	However 
the introduction of a second thiomethyl group causes 
the whole methylene group to be twisted out of the plane 
considerably (32 0 ) . 	This distortion explains the 
significant increase in the C5-C7 bond length in the 
bis(thiomethyl) derivative due to reduced conjugation with 
the Meldrum's ring. 	This also explains the considerable 
deshielding at C5 in the ' 3 C n.m.r.. 	It appears that 
this lengthening is not due to increased conjugation from 
the sulphur heteroatoms since the C7-S bond length is greater 
in the bis(methylthio) example than it is in the mono-
substituted derivative. 	This suggests that a significant 
contribution is made from the dipolar canonicalform (252) 
which also explains the deshielding at C5-C (Scheme 98) 
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Other minor differences in the bond angles around th€. 
methylene group are consistent with increased steric 









Table 40: 	Bond Lengths(A) with, standard deviations 
0(1) - C(2) 1.450( 4) C(4) - C(S) 1.454( 4) 
0(1) - C(6) 1.363( 4) C(5) - 	 C(6) 1.467( 4) 
C(2) -C(2A) 1.505( 5) C(5) - C(7) 1.356( 4) 
C(2) -C(23) 1.503( 5) C(6) - 0(6) 1.199( 4) 
C(2) - 0(3) 1.431( 4) C(7) - 	 S(8) 1.694(  
0(3) - C(4) 1.360( 4) S(8) - C(9) 1.807(  
C(4) - 0(4) 1.209( 4) 
Table 41 Angles(degrees) with standard deviations 
C(2) - 0(1) - 	 C(6) 118.78(23) 0(4) - C(4) - 	 C(5) 124.4( 3) 
0(1) - C(2) -C(2A) 109.9( 	3) C(4) - C(5) - 	 C(6) 120.2( 3) 
0(1) - C(2) -C(2B) 106.3( 	3) C(4) - C(S) - 	 C(7) 121.5( 3) 
0(1) - C(2) - 	 0(3) 110.05(23)  - 	 C(5) - 	 C(7) 118.1( 3) 
C(2A) - C(2) -C(2B) 114.1( 	3) 0(1) - C(6) - 	 C(5) 115.6( 3) 
C(2A) - C(2) - 	 0(3) 110.0( 	3) 0(1) - C(6) - 0(6) 118.0( 3) 
C(2B) - 	 C(2) - 	 0(3) 106.4( 	3) C ( 5 ) - C(6) - 	 0(6) 126.3( 3) 
C ( 2 ) - 0(3) - C(4) 118.46(24) C ( 5 ) - C ( 7 ) - 	 S(8) 126.00(24) 
0(3) - C(4) - 0(4) 118.9( 	3)  - 	 S(8) - C(9) 100.94(16) 
0(3) - 	 C(4) - 	 C(S) 116.6( 	3) 
Table 42: Torsion angles(degrees) with standard deviations 
C(6) - 0(1) - C(2) -C(2A) -72.3( 3) 0(3) - C(4) - C(S) - 	 C(7) -178.3( 3) 
C(6) - 0(1) - C(2) -C(2B) 163.7( 3) 0(4) - C(4) - C(5) - C(6) -170.5( 3) 
C(6) - 0(1) - C(2) - 0(3) 49.0( 3) 0(4) - C(4) - C(5) - C(7) 4.4(  
C(2) - 0(1) - C(6) - C(S) -21.9( 4) C(4) - C(S) - C(6) - 0(1) -7.0( 4) 
C(2) - 0(1) - 	 C(6) - 0(6) 161.3( 3) C(4) - C(S) - C(6) - 0(6) 169.5( 3) 
0(1) - C(2) - 	 0(3) - C(3) --49.2( 3) C(7) - C(S) - 	 C(6) - 0(1) 177.9( 3) 
C(2A) - C(2) - 0(3) - C(4) 72.1( 3) C(7) - C(S) - 	 C(6) - 	 0(6) -5.6( 5) 
C(2B) - C(2) - 0(3) - C(4) -163.9( 3) C(4) - C(S) - C(7) - 	 S(8) 1.8( 4) 
C(2) - 0(3) - C(4) - 0(4) - 159.8(  C(6) - 	 C(S) - C(7) - 	 S(8) 176.87(23) 
C(2) - 0(3) - 	 C(4) - 	 C(5) 22.7(  C(5) - 	 C(7) - 	 S(8) - 	 C(9) 179.9( 3) 
0(3) - C(4) - C(5) - 	 C(6) 6.8(  
176 
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Table 43: 	Bond Lengths(.) with standard deviations 
0(1)- C(2) 	1.443( 	4) C(S) 	- C(6) 1.462( 4) 
0(1) 	- C(6) 1.343( 	4) C(5) 	- C(7) 1.392( 4) 
C(2) 	-C(2A) 	1.493( 	5) C(6) 	- 0(6) 1.212( 4) 
C(2) 	-C(2B) 1.507( 	5) C(7) 	-S(71) 1.738( 3) 
C(2) 	- 0(3) 	1.433( 	4) C(7) 	-S(72) 1.727( 3) 
0(3) 	- 	C(4) 1.348( 	4) S(71) 	-C(71) 1.789( 5) 
C(4) 	- 0(4) 	1.216( 	4) S(72) 	-C(72) 1.785( 4) 
C(4) 	- 	C(S) 1.448( 	4) 
Table 	44: 	Angles(degrees) with standard deviations 
C(2) 	- 	 0(1) 	- 	C(6) 	118.65(23) C(4) - C(5) - 	 C(6) 116.7( 3) 
0(1) 	- C(2) 	-C(2A) 110.3( 	3) C(4) - C(5) - 	 C(7) 120.8( 3) 
0(1) 	- C(2) 	-C(23) 	106.39(25) C(6) - 	C(S) - 	 C(7) 121.4( 3) 
0(1) 	- 	C(2) 	- 	0(3) 108.32(23) 0(1) - 	 C(6) - C(S) 116.6( 3) 
C(2A) 	- C(2) 	-C(2B) 	113.9( 	3) 0(1) - C(6) - 0(6) 117.6( 3) 
C(2A) 	- 	C(2) 	- 	0(3) 111.7( 	3) C(5) - C(6) - 0(6) 125.5( 3) 
C(2B) 	- C(2) 	- 	0(3) 	105.91(25) C(S) - C(7) -S.(71) 119.79(24) 
C(2) 	- 	0(3) 	- 	C(4) 118.90(23) C(S) - C(7) -S(72) 125.41(24) 
0(3) 	- 	C(4) 	- 	 0(4) 	116.7( 	3) S(71) - C(7) -S(72) 114.80(18) 
0(3) 	- 	C(4) 	- 	C(5) 117.3( 	3) C(7) -5(71)  105.12(20) 
0(4) 	- 	C(4) 	- 	C(5) 	126.0( 	3) C(7) -S(72)  106.56(17) 
Table 	45 	Torsion angles(degrees) with standard deviations 
C(6) 	- 0(1) 	- C(2) 	-C(2A) 	72.0( 3) 0(4) - C(4) - C(S) - C(7) -10.0( S) 
C(6) 	- 	0(1) 	- C(2) 	-C(2B) 	-164.0( 3) C(4) - 	 C(5) - 	 C(6) - 0(1) 18.5( 4) 
C(6) 	- 0(1) 	- C(2) 	- 0(3) -50.5(  C(4) - 	C(S) - 	 C(6) - 	 0(6) 	-154.2( 3) 
C(2) 	- 	0(1) 	- C(6) 	- 	C(5) 	18.6(  C(7) - C(S) - 	 C(6) - 0(1) 	-173.6( 3) 
C(2) 	- 	0(1) 	- C(6) 	- 	0(6) 	-168.1( 3) C(7) - C(S) - C(6) - 0(6) 13.7( 5) 
0(1) 	- 	C(2) 	- 0(3) 	- 	C(4) 47.7( 3) C(4) - C(S) - C(7) -S(71) 18.5( 4) 
C(2A) 	- C(2) 	- 0(3) 	- 	C(4) 	-74.0( 3) C(4) - C(S) - C(7) -S(72) 	-161.31(25) 
C(2B) 	- 	C(2) 	- 0(3) 	- 	C(4) 161.5( 3) C(6) - C(S) - C(7) -S(71) 	-148.8( 3) 
C(2) 	- 0(3) 	- C(4) 	- 0(4) 	167.3( 3) C(6) - C(S) - 	 C(7) -S(72) 31.3( 4) 
C(2) 	- 	0(3) 	- C(4) 	- 	C(5) -13.5( 4) C(S) - 	 C(7) -S(71) -C(71) 176.4( 3). 
0(3) 	- C(4) 	- C(S) 	- C(6) 	-21.2( 4) S(72) - C(7) -S(71) -C(71) -3.8( 3) 
0(3) 	- 	C(4) 	- C(5) 	- C(7) 170.9( 3) C(S) - C(7) -S(72) -C(72) 24.3( 3) 
0(4) 	- 	C(4) 	- C(S) 	- 	 C(6) 	157.9( 3) S(71) - C(7) -S(72) -C(72) 	-155.57(19) 
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The mass spectra of Meidrum's acid derivatives 
are generally typified by the sequential loss of acetone 
(m/z 58) and carbon dioxide (m/z 
44)119• 	However, after 
the consistent initial loss of acetone, these thioalkyl 
examples follow a range of different fragmentation 
patterns. 	Hence loss of acetone can be followed by the 
loss of carbon dioxide [(236), (238). and (244)1, or an 
alkyl fragment [(236), (247) and (239)], or carbon monoxide 
[(240), (241) and (243)1 or water [(242), (241), (239) and 
(244)]. 	Indeed the possibility of more than one fragmen- 
tation pattern is evident for several examples. 	Most of 
these fragmentation pathways are consistent with ionisation 
at the sulphur heteroatom. 	The mechanism for loss of 
water is unclear but has also been reported for some 
aminomethylene derivatives 6 . 
(ii) Mechanism of Thiophen-3 (2H)-ones (3-Hydroxythiophenes). 
Formation 
The hydrogen-transfer-cyclisatiOn mechanism involved 
in the preparation of 1H-pyrrol-3(2H)-ones 134 was thought 
to be the likely mechanism for the formation of the 
thiophen-3(2H)-ones (Scheme 99). 
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Scheme 99 
Previously labelling experiments had been used to 
prove that the key hydrogen abstraction occurred 
specifically from an unsubstituted nitrogen ct-position 4 
(234; X=NR 3 ) 	Similarly the pyrolysis of chiral amino- 
methylene derivatives (234; X=NR 3 , P.r . 	R2 	H) was used 
to probe the nature of the stereochemical changes during 
the course of the reaction. 	Analysis of the pyrrolones 
obtained from these substrates using chiral shift 
reagents showed that partial racemisation (50%) had 
occurred 121 . 	This observation was explained by the 
dipolar transition state (253) which has a spiral geometry, 
hence the ketene portion of the intermediate can electro-
cyclise to the same face of the dipole and therefore give 
retention of configuration regardless of the direction of 
rotation around the newly formed single bond. 	However, 
the dipole will be more stable in the planar form (254), 
in which rotation around, the new single bond will give 
rise to both enantiomers depending on the direction of 
180 
rotation (Scheme 99) . 	Hence the observed partial 
retention infers that rotation to give ring closure 
occurs faster than the dipole can achieve planarity 121 
It was therefore of interest to carry out a direct 
comparison with the chiral thioalkyl derivative (247) 
Pyrolysis of a racemic mixture of (247) and subsequent 
analysis by n.m.r. established-that both the enantiomeric 
thiophenones, [255(a)] and [255(b)] could be distinguished 
using a chiral shift reagent (Figure 256) . 	Similar 
treatment of the crude pyrolysate from the pure R-enantio-
mer of (247) clearly showed that almost complete racernisa-













(Ratio 1.23:1; 	Identity of Isomer 
r a t I o not known) 
Scheme 100 
The difference between this result and that for the 
pyrrolones 121 can be explained in terms of the hetero-
atom's effect on the dipolar intermediate (253). 	When 
the heteroatom is nitrogen (253; X=N), this intermediate 
can be stabilised via the extended 1,3-dipole by rotation 
around the C-N bond. 	This ultimately leads to 
racemisation. 	However, when the heteroatom is sulphur 

















Either rotation around the C-S bond gives the extended 
1,3-dipole, as in the nitrogen example, or expansion 
of its valence shell gives the 'allene-like' species 
(257) which could then electrocyclise (Scheme 101) 
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However, the latter mechanism would be expected to 
result in the retention of configuration since the 
stereochemistry of the intermediate 'allene-like' species 
(257) should preserve the initial chirality. 	Since near 
complete racemisation is observed then this is good 
evidence that there is no significant contribution from 
this possible intermediate. 	Any difference in the nature 
of the dipolar mechanism must arise from the steric 
implications of changing the heteroatom from nitrogen 
0
0 
(covalent radius 0.75A) to sulphur (c.r. 1 .04A) . 	The 
larger sulphur atom imposes greater steric constraints on 
the formation of a 5-membered ring by forcing the termini 
of the conjugated system away from each other. 	This 
could lead to an extended lifetime of the dipolar inter-
mediate, allowing sufficient time for C-S bond rotation 
and ultimately racemisation. 
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The possibility of the thiophenones being formed 
via a radical rather than ionic mechanism could not be 
disproven experimentally in the same way as for the 
pyrrolones 5 ' 6 . 	However, it.is interesting to note that 
the yields of the thiophenones vary with the nature of 
the thioalkyl substituent (1'>2'>3'). 	This in itself 
would be inconsistent with a radical mechanism since 
tertiary sites would be expected to be more stable and, 
therefore, lead to higher yields. 	Benzyl thioalkyl 
substituents give the best yields, as is the case in the 
nitrogen compounds, which is consistent with a highly 
stabilised intermediate in which the phenyl group can 
conjugate with the anionic centre of the dipole (Figure 
258) 
01 -, 1 1 1 
(258) 
(iii) Scope of Thiophen-3(2H)-one Preparation 
"Hydroxythiophenes are often very unstable, air 
sensitive and acid sensitive compounds which decompose 
easily" 7 . 	Simple derivatives have therefore been prepared 
only with difficulty via specific multi-step sequences in 
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moderate to poor yields 7 . 	The two-step gas-phase 
pyrrolytic route described above has provided a 
convenient and general solution to the problems of 3-
hydroxythiophene [thiophen-3 (2H) -one] synthesis. 	The 
pyrolysis precursors are prepared easily and in excellent 
yield by reaction of alkyl, aryl or functionalised 
mercaptans with 5-methoxymethylene Meldrum's acid and 
is therefore only limited by the availability of mercaptans. 
Pyrolysis of almost all of these 5-thioalkyl derivatives 
proceeds cleanly to give a range of 2-mono- and 2,2-
di-substituted thiophenones in high overall yield (Table 
46) 
Table 46: Yields of thiophene-3(2H)-ones prepared by 





THIOPHENONE R 1 R2 
YIELD 
(%) 
(236) (259) H H 80 
• 	(237) (260) H Me 50 
(238) (261) Me Me 44 
(239) (262) H Ph 92 
(242) (263) -(CH2) 5 - 58 
(243) (264) H CO2Et 76 
(247) (265) Me Ph 74 
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The parent unsubstituted compound was also prepared in 
excellent yield by this route. 	The sensitivity of this 
compound as well as some of the 2-rnonosubstituted deriva-
tives to common reagents and oxygen illustrated the 
convenience of using the gas-phase route and relatively 
large quantities of these materials can be prepared for 
the first time. 	For example, Ford and Mackay 's 29 
synthesis of the parent compound involves a complex 
sequence which proceeds in 5% overall yield. 	Similarly 
Margarethats preparation of the 2,2-dimethyl example 
(261) culminates with an oxidation step which proceeds 
in 38% yield and thus reduces the final yield 
28 
significantly . 	The overall yields for the preparation 
of these two examples by the f.v.p. route are 64% and 40% 
respectively from the starting mercapto compounds. 
2-Functionalised derivatives are also available via this 
route. 	For example the 2-ethoxycarbonyl-compound (264) 
can be prepared in 56% overall yield which compares 
favourably with the best synthesis reported to date 135 
The only limitation of this route was the diminished 
yields in the sequence 1°>2°>3° mentioned previously. Of 
the substrates pyrolysed, a few examples did not lead to 
thiophenones. 	The furfuryl derivative (240) did not 
pyrolyse well, probably due to involatility, and, although 
the desired product was undoubtedly present, a range of 
products were obtained. 	The precursors derived from 
thiophenol (241) , 2-mercaptoethanol (244), 3-mercapto-
propanoic acid (245), and allyl mercaptan (246), which 
186 
were all prepared primarily to test the generality of 
the route, did not give thiophenones on pyrolysis but 
instead underwent alternative rearrangements to give other 
products and were consequently not pursued further. 
Interestingly the compound derived from thiophenol (241), 
which contains no ct-hydrogens, pyrolysed cleanly to give 
phenyl ethynyl sulphide 103 
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E. 	5-SUBSTITUTED PYRROLONES AND THIOPHENONES 
(i) Preparation and n.m.r. properties of precursors 
As mentioned at the start of the previous section, 
the publication of two papers concerned with the prepara-
tion 
	 127 and manipulation 	of bis(methylthiomethYlefle) 
Meidrum's acid (228) provided a potential synthetic route 
to the substrates required for the preparation of 5-
substituted pyrrolones (266) (Scheme 102) . 	The 
subsequent extenSion of the pyrolytic methodology to 
include thiophenones (see previous section) meant that 
this route could also be applied to the preparation of the 
analogous 5-substituted thiophenones (267) (Scheme 102) 
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Scheme 102 
Previous attempts to prepare 5-substituted 
pyrrolones by the pyrolysis of analogous compounds 
(231; R=Et) failed. 	It was suggested that this 
failure was due to alternative hydrogen transfer from 
the alkyl substituent 6 . 	Since the route shown in 
Scheme 102 facilitates the incorporation of groups with-
out transferable hydrogens (i.e. R=Ph) then it was hoped 
that this would increase the chQces of the cyclisation 
proceeding 'normally'. 	Similarly, this should also be 
applicable to the substrates (229) required for the 
preparation of 5-substituted thiophenones. 
The first step involving the nucleophilic displace-
ment of one of the methylthio groups with a Grignard 
reagent was found to be very dependent on the nature of 
the starting halide. 	Phenylmagnesium bromide did not give 
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as clean a reaction as reported 	, but instead the crude 
oily product had to be purified by dry flash chromato-
graphy. 	Conversely the reaction involving -bromo-t- 
butylbenzene proceeded cleanly, however the isolated yield 
(46%) was again lower than expected. 	Similar problems 
were also encountered when alkyl Grignard reagents were 
also reacted with the bis(methylthio-) derivative (228). 
Methylmagnesium chloride reacted smoothly to give the 
respective product (229; R=Me) in high yield (83%), where-
as the reaction involving t-butylmagnesium chloride gave 
a number of products. 
The conversion of 5-(1-alkyl/aryl-1-methylthio-) 
derivatives (229) into the corresponding amino compounds 
(231) had only previously been achieved using ammonium 
chloride under specific conditions 
127 and it was not 
known whether the sterically more demanding secondary 
amines would react similarly. 	However displacement of 
the second methylthio group by secondary amines such as 
dimethylamine and N-methylbenzylamine proceeded very 
rapidly and in near quantitative yields at room tempera- 
ture in acetonitrile solution. 	Indeed a subsequent study 
has shown that both methylthio groups can be displaced 
with dimethylamine to give a diaminomethylene Meidrum's 
acid derivative 136 [(231).; R=N(Me) 2 , R'=R 2 H, R 3 =MeJ 
Thus a general preparative route to both types of 
substrate had been developed which could potentially be 
further expanded since it is claimed that other bis-
(alkylthio) Meidrum's acid derivatives can be prepared 
and manipulated in this way 126 ' 127 . 
The 'H and 13 C n.m.r. data (Table 47) for the 
disubstituted derivatives prepared by this route show 
several differences in the chemical shifts of certain 
signals for corresponding amino- and thioalkyl examples. 
Most of these differences are consistent with those 
discussed in connection with the associated monosubstituted 
derivatives. 	As expected the amino derivatives [(268), 
(269) , (274) , (275) and (276)] exhibit restricted rotation 
around the C-N bond 6 
There are some changes in the spectra of both the 
sulphur and nitrogen compounds, however, that must be due 
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to the additional 5-substituent. In almost all the 
examples the chemical shift of the respective C5-C 
signals are deshielded compared to the associated 
monosubstituted examples. 	However, the observed 
differences are no greater than those expected for the 
same substitution pattern in other systems (e.g. & 
in CH 2 CH 2 is 123.3 c.f. 6, in CH2CHPh 136.7)118. 
Interestingly the presence of the phenyl ring appears to 
have little effect on the chemical shift of the carbonyl 
carbon atoms in the sulphur examples, (270) and (271), 
whereas, considerable deshielding is observed at the 
corresponding positions in the nitrogen derivatives (268) 
and (269). 	This may be explained by the phenyl groups 
being in different orientations. Indeed the chemical 
shift of the para-carbon atoms, a sensitive probe of the 
electronic nature of substituents, shows a significant 
difference between the sulphur (6 129.1) and nitrogen 
131.5) derivatives. 
In the examples containing two heteroatomic methylene 
substituents [(273)-(276)] the carbonyls now appear as a 
sharp singlet indicating rotation around the methylene 
bond as a consequence of increased electron donation via 
the dipolar canonical form (277) shown (Scheme 103). 
Table 47: 13 C Chemical Shifts of 5,5-Disubstituted-methylene Meidrum's Acid Derivatives 
,,JJR 
N 	X 
SUBSTRATE R X R C2 C2-Me's C4 C5 C5-C 
C6 
 Ph NMe Me 102.1 26.5 176.8 84.4 162.2 6 
102.3 26.7 177.5 85.4 
162.6 
 Ph NMe. Benz. 102.0 26.6 177.4 162.2 
 Ph S 	I Me 103.6 27.1 161.6 109.6 185.1 158.8 
 p-t-butyl-Ph S Me 103.5 27.0 161.6 109.6 185.6 159.0 
(228) SMe S Me 102.9 I 	26.5 159.5 118.5 192.0 159.5 





S Me 102.3 26.5 161.4 78.9 185.7 o 
 N(Me)., S Me
* 
102.4 26.4 161.3 78.3 186.9 o 
 N(Me)Benz S 
* 
Me 102.7 26.7 161.7 79.3 187.8 o 
 N(Me) 2 NMe Me 102.0 26.5 163.1 74.7 169.6 0 
Ref . 136. 
* 
Signal duplicated or broadened due to restricted rotation 
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The chemical shifts of C5 are more typical of the 
monosubstituted arninbmethylene derivatives. 	The C5-C 
signals of these examples are all deshielded with respect 
to the associated monosubstituted examples. 	This is also 
consistent with an increased contribution from the canoni-
cal form (277) shown since this would increase the positive 
character at this site. 	Similarly, the proximity of two 
electronegative heteroatoms would be expected to deshield 
this position. 
Examples (228), (274) and (276) provide an interesting 
comparison since they essentially represent the effects of 
sequencially replacing thiomethyl groups with dimethylamino 
substituents. 	The difference in chemical shifts of 
respective positions are shown in Table 48. 
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Table 48: Change in 13 C chemical shifts caused by 
sequentially replacing thiomethyl groups 
with dimethylamino groups in 5-methylene 
substituted Meldrum's acid derivatives. 
ID 	0 
. 0 0 
SUBSTRATE 	X 	Y 	C2 	CS 	C5-C 	C4/C6 
(228) SMe SMe 102.9 118.5 192.0 159.5 
(274) SMe N(Me) 2 -0.5 -30.2 -5.2 +1.8 
(276) N(Me) 2 N(Me) 2 -0.9 -33.8 -7.3 +3.6 
The signals for C2, CS-C and the carbonyls undergo gradual 
and expected changes in chemical shift, consistent with 
the monosubstituted examples, which reflects the greater 
electron-donating character of nitrogen. 	The observed 
change in chemical shift of C5, expected on the basis of 
the above results, is much more dramatic on the first 
substitution than on the subsequent one. 
(ii) Scope of 5-substituted pyrrolone and thiophenone 
preparation. 
As discussed in the previous two sections an extension 
to literature methodology has enabled the preparation of 
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substrates which could introduce a 5-substituent into 
1H-pyrrol-3 (2H)-ones and thiophen-3(2H)-Ones. 	The 
substrates prepared during this research were selected 
to illustrate the potential scope for the formation of 
these compounds and as such isby no means exhaustive 
(Table 49). 
Table 49: 5-Substituted thiophen-3(2H)-ones and 1H-pyrrol-
3(2H) -ones prepared with yields after purification 
R 3 	R 
—~Xk 
R2 
SUBSTRATE PRODUCT X R 1 R 2 R 3 	Yield 	(go) 
(268) (278) NMe H H Ph 87 
(269) (279) NMe H Ph Ph 
77a 
(270) (280) S H H Ph 80 
(271) (281) S H H p-t-butyl-Ph 86 
(228) (232) 5 H H SMe 78 
(272) (282) 5 H H Me 75 
_b 
(273) (283) mixture of two isomers 1:1 
_b 
(274) (284) mixture of two isomers 1:1 
(275) (285) NMe H Ph SMe 70 
(276) (286)1 36 NMe H H N(Me) 2 73 
a unpurified yield (see Experimental Section) 
b yields not calculated 
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All of the pyrolyses were successful and gave in 
some cases access to previously unobtainable substituent 
patterns in good to excellent yields. 	For example 
5-phenyithiOpheflOfle (280) can be prepared in 54% overall 
yield from bis(methylthio)methylene Meldrum's acid (228). 
The pyrolysis of the corresponding 5-(1-aryl-1-
amino)methyleneMeldrufll' s acid derivatives [(268) and 
(269)] also proceeded cleanly and in very high yield 
(Table 49) . 	These results therefore imply that the scope 
of these reactions are governed by which derivatives can 
be prepared and hence which Grignard reagents and/or 
secondary amines will displace the methylthio group of the 
big (methylthio)methylene Meldrumts acid derivative (228). 
Precursors which contain both an amino and an alkyl-
thio substituent [e.g. (273) and (274)] exhibited no 
selectivity with respect to preferential cyclisatiori to 
give a pyrrolone or a thiophenone except when the amino 
substituent was benzyl [e.g. (269)]. 	This selectivity 
has been observed previously and is consistent with the 
proposed mechanism for these reactions 134 . 	This meant 
that examples of 2,5-disubstituted pyrrolones were 
available. 	The analogous thiophenones were not obtained 
since the bis(benzylthio)methylene Meidrum's acid 





Banzy I—S 	S-Benzy I 
(287) 
The successful preparation of 5-methylthiophen-3(2H)-
one (282) by this route is important since it shows that 
5-alkyl substituents can be 	introduced. 	In view of this 
result it appears that 5-alkyl pyrrolones should also be 
6 available not withstanding the previous report. 
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F. 	THE STRUCTURE, PHYSICAL AND SPECTROSCOPIC PROPERTIES 




The thiophenones prepared during this research can 
be divided into four groups on the basis of the position 
of their ring substituents. 	The 2,2-disubstituted 
examples (288; R 1 1 R 2 =alkyl or aryl, R 3 H) are very stable 
compounds which can be handled easily and stored at -20°C 
indefinitely. 	of the 2-monosubstituted examples 
(288; R'=H, R 2 =alkyl, aryl, ester, R 3 =H) prepared, only 
the 2-methyl derivative (260) was found to be unstable. 
The 5-substituted examples (288; R 3 =Me, Ph, p-t-butyl-Ph, 
SMe, R'=R 2 =H) were mostly crystalline compounds which 
were very stable and could be stored at -20 ° C indefinitely. 
The parent unsubstituted thiophenone (288; R 1 R 2 R 3 H) 
is an unstable compound which dimerises relatively cleanly 
over a period of days, even at low temperature (see later) 
All of the derivatives prepared had a characteristic 
noxious odour and were therefore normally handled in a 
fume-hood. 
The examples with at least one hydrogen atom at the 
2-position exhibit keto/enol tautomerism. 	In view of the 
6 ' 35 similar behaviour of the pyrrolones, it was of interest 
to carry out a comparative investigation of these 
compounds in both the solid state and in solution. 
(i) Structure in the Solid State 
Of the many crystalline thiophen-3(2H)--ones prepared, 
the most potentially interesting structures were the 
2,2-pentamethylene (263), and 5-thiomethyl (232) examples. 
Determination of these structures provided examples of a 
2,2-disubstituted, and a 2-unsubstituted system of which 
the former is directly comparable with the analogous 
4 
pyrrolone (289) . 	The structures of the thiophenones are 
shown along with their crystallographic numbering systems 
in Figures (263), and (232). 	Bond lengths and angles are 
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( 289 ) 
Other than the expected structural differences between 
thiophene and pyrrole 137 there is, surprisingly, little 
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difference between the 2,2-disubstituted pyrrolone (289) 
and corresponding thiophenone (263). 	In both cases the 
heterocyclic ring is almost planar as a consequence of 
conjugation between the heteroatom and the enone unit. 
This is reflected in the observed shortening of the 
S(N)-05 and C3-C4 bonds and corresponding lengthening of 
the C4-05 and C3-03 bonds consistent with a significant 
contribution from the dipolar canonical form (290) shown. 
The only inconsistency between the two structures is the 
unexpected difference in the length of the respective 
C2-C3 bonds. 
/ 
0 	 0 
X-S , N—cyc I ohexy I 	 (290) 
It is interesting to note that the N1-05 bond in the 
pyrrolone (289) is considerably shorter than the corres-
ponding bond length in pyrrole itself (c.f. 1.317A and 
1.359A respectively) 137 . 	In contrast, the S-CS bond in 
the thiophenone is, essentially, the same length as the 
corresponding bond length in thiophene (c.f. 1.719A and 
1.710A respectively) 137. This can be explained by the 
nitrogen lone-pair having a greater contribution to the 
it-system of the enaminone than to the n-system of pyrrole. 
This is consistent with the keto tautomer being the more 
6 
favoured form of the pyrrolones . 	 Similarly, since 
there appears to be little difference in the contribu-
tion from the sulphur lone-pairs, it follows that 
thermodynamics should favour the more stable, aromatic 
enol tautomer of the thiophenones. 	This is also 
consistent with observations made during this research 
(see following section on tautomerism in solution) 
The 5-thiomethylthiophen-3(2H)ofle (232) clearly 
adopts the keto tautomer in the solid state, and so the 
structure is closely related to that of the 2,2-penta-
methylene example (263) . 	 The most striking difference 
between the two structures is that the exocyclic sulphur 
atom (S6) is apparently contributing more electron-
density to the conjugated system in the 5-thiomethyl 
example than the endocyclic sulphur atom. 	Consequently, 
there is a considerable lengthening of the S1-05 bond, 
compared to either the 2,2-disubstituted example (263) 
or thiophene itself, and a significant shortening of the 
S6-05 bond consistent with the dipolar canonical form 
(291). 
0 	 - 
M e S 	 M e 
 S~:~ es 
( 29 1 ) 
As with the pyrrolones mentioned above, this observation 
helps to explain why the 5-thiornethyithiophenofle exists 







Table 50: 	Bond Lencths() with standard deviations 
S(1A) -C(2A) 1.839(3) S(1C) -C(2C) 1.840(3) 
S(1A) -C(5A) 1.719(4) S(1C) -C(5C) 1.724(4) 
C(2A) -C(3A) 1.516( 5) C(2C) -C(3C) 1.521( 5) 
C(2A) -C(6A) 1.548( 5) C(2C) -C(6C) 1.525( 4) 
C(2A) -C(10A) 1.525( 5) C(2C) -C(10C) 1.528( 5) 
C(3A) -0(3A) 1.218( 4) C(3C) -0(3C) 1.218( 4) 
C(3A) -C(4A) 1.437( 5) C(3C) -C(4C) 1.440(  
C(4A) -C(5A) 1.341(  C(4C) '-C(SC) 1.333( 6) 
C(6A) -C(7A) 1.518(5) C(6C) -C(7C) 1.526(5) 
C(7A) -C(8A) 1.513( 5) C(7C) -C(8C) 1.512( 5) 
C(8A) -C(9A) 1.516( 5) C(8C) -C(9C) 1.521( 5) 
C(9A) -C(IOA) 1.520( 5) C(9C) -C(10C) 1.526( 5) 
S(IB) -C(2B) 1.838(  S(1D) -C(2D) 1.831( 3) 
S(IB) -C(5B) 1.717(  S(1D) -C(5D) 1.712(4) 
C(23) -C(3B) 1.528(5) C(2D) -C(3D) 1.522(5) 
C(2B) -C(6B) 1.534(5) C(2D) -C(6D) 1.521(5) 
C(2B) -C(LOB) 1.527(5) C(2D) -C(IOD) 1.531(5) 
C(3B) -0(3B) 1.220(  C(3D) -0(3D) 1.211(5) 
C(3B) -C(4B) 1.427( 5) C(3D) -C(4D) 1.443( 5) 
C(43) -C(5B) 1.333(6) C(4D) -C(5D) 1.331(6) 
C(6B) -C(7B) 1.519( 5) C(6D) -C(7D) 1.522( 5) 
C(73)-C(BB) 1.517(5) C(7D) -C(8D) 1.512(5) 
C(8B) -C(9B) 1.510( 5) C(8D) -C(9D) 1.513(  
C(93) -C(10B) 1.521( 5) C(9D) -C(10D) 1.524( 6) 
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Table 51: Angles(degrees) with standard deviations 
C(2A) -S(IA) -C(5A) 91.95(17) C(2C) -S(1C) -C(5C) 92.30(17) 
S(1A) -C(2A) -C(3A) 105.39(22) S(1C) -C(2C) -C(3C) 105.11(22) 
S(1A) -C(2A) -C(6A) 109.52(22) S(1C) -C(2C) -C(6C) 111.17(21) 
S(1A) -C(2A) -C(10A) 111.21(22) S(1C) -C(2C) -C(10C) 110.01(22) 
C(3A) -C(2A) -C(6A) 110.4( 3) C(3C) -C(2C) -C(GC) 111.0( 3) 
C(3A) -C(2A) -C(LOA) 110.2( 3) C(3C) -C(2C) -C(10C) 108.8( 3) 
C(6A) -C(2A) -C(10A) 110.1( 3) C(6C) -C(2C) -C(IOC) 110.6( 3) 
C(2A) -C(3A) -0(3A) 121.3( 3) C(2C) -C(3C) -0(3C) 121.4( 3) 
C(2A) -C(3A) -C(4A) 113.1( 3) C(2C) -C(3C) -C(4C) 112.7( 3) 
0(3A) -C(3A) -C(4A) 125.6( 3) 0(3C) -C(3C) -C(4C) 125.9( 3) 
C(3A) -C(4A) -C(5A) 112.8( 4) C(3C) -C(4C) -C(SC) 113.7( 4) 
S(1A) -C(5A) -C(4A) 115.5(3) S(1C) -C(5C) -C(4C) 115.9(3) 
C(2A) -C(6A) -C(7A) 111.8( 3) C(2C) -C(6C) -C(7C) 112.3( 3) 
C(GA) -C(7A) -C(8A) 112.6( 3) C(6C) -C(7C) -C(8C) 110.9( 3) 
C(7A) -C(8A) -C(9A) 110.8(3) C(7C) -C(8C) -C(9C) 111.2(3) 
C(8A) -C(9A) -C(10A) 111.4(3) C(8C) -C(9C) -C(10C) 110.7(3) 
C(2A) -C(IOA)-C(9A) 112.9(3) C(2C) -C(10C)-C(9C) 112.4( 3) 
C(2B) -S(1B) -C(53) 92.03(17) C(2D) -S(1D) -C(5D) 92.33(18) 
S(1B) -C(2B) -C(3B) 104.72(22) S(1D) -C(2D) -C(3D) 105.42(23) 
S(1B) -C(23) -C(6B) 109.95(23) S(1D) -C(2D) -C(6D) 111.58(22) 
S(1B) -C(2B) -C(10B) 110.59(22) S(ID) -C(2D) -C(1OD) 110.03(23) 
C(3B) -C(2B) -C(6B) 111.1( 3) C(3D) -C(2D) -C(6D) 110.5( 3) 
C(3B) -C(2B) -C(10B) 110.0( 3) C(3D) -C(2D) -C(10D) 108.8( 3) 
C(63) -C(2B) -C(IOB) 110.3( 3) C(6D) -C(2D) -C(IOD) 110.3( 3) 
C(2B) -C(3B) -0(3B) 120.3( 3) C(2D) -C(3D) -0(3D) 122.1( 3) 
C(2B) -C(3B) -C(4B) 113.4( 3) C(2D) -C(3D) -C(4D) 112.3( 3) 
0(3B) -C(3B) -C(4B) 126.3( 4) 0(3D) -C(3D) -C(4D) 125.7( 4) 
C(33) -C(4B) -C(5B) 112.9(4) C(3D) -C(4D) -C(5D) 113.5(4) 
S(1B) -C(5B) -C(4B) 116.8( 3) S(1D) -C(5D) -C(4D) 116.3( 3) 
C(23) -C(6B) -C(7B) 112.1( 3) C(2D) -C(6D) -C(7D) 112.3( 3) 
C(6B) -C(7B) -C(8B) 111.7(3) C(6D) -C(7D) -C(8D) 111.2( 3) 
C(7B) -C(8B) -C(9B) 110.5( 3) C(7D) -C(8D) -C(9D) 110.1( 3) 
C(8B) -C(9B) -C(1OB) 111.6( 3) C(8D) -C(9D) -C(10D) 111.1( 3) 
C(23) -C(1OB)-C(9B) 112.5(3) C(2D) _C(10D)-C(9D) 112.3(3) 
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Table.-52: 	Torsion angles(-de(grees) with standard deviations 
	
C(5A) -S(1A) -C(2A) -C(3A) 	3.37(25) 
C(5A) -S(IA) -C(2A) -C(6A) -115.35(25) 
C(5A) -S(1A) -C(2A) -C(0A) 122.73(25) 
C(2A) -S(1A) -C(5A) -C(4A) 	-2.1( 3) 
S(1A) -C(2A) -C(3A) -0(3A) 	176.7( 3) 
S(IA) -C(2A) -C(3A) -C(4A) -4.1( 4) 
C(6A) -C(2A) -C(3A) -0(3A) 	-65.1( 4) 
C(6A) -C(2A) -C(3A) -C(4A) 	114.0( 3) 
C(10A)-C(2A) -C(3A) -0(3A) 56.7( 4) 
C(10A)-C(2A) -C(3A) -C(3A) -124.2( 3) 
S(1A) -C(2A) -C(6A) -C(7A) 	-70.4( 3) 
C(3A) -C(2A) -C(6A) -C(7A) 	174.0(3) 
C(LOA)-C(2A) -C(6A) -C(7A) 52.2(4) 
S(IA) -C(2A) -C(LOA)-C(9A) 	68.3( 3) 
C(3A) -C(2A) -C(LOA)-C(9A) -175.2( 3) 
C(6A) -C(2A) -C(1OA)C(9A) 	-53.2(4) 
C(2A) -C(3A) -C(3A) -C(5A) 3.0( 5) 
0(3A) -C(3A) -C(4A) -C(5A) -177.9( 4) 
C(3A) -C(3A) -C(5A) -S(IA) 	-0.2( 5) 
C(2A) -C(6A) -C(7A) -C(8A) 	-54.4( 4) 
C(6A) -C(7A) -C(8A) -C(9A) 55.5(4) 
C(7A) -C(8P) -C(9A) -C(10A) -55.3( 4) 
C(8A) -C(9A) -C(LOA)C(2A) 	55.6( 4) 
C(5B) -S(1B) -C(23) -C(33) -3.2( 3) 
C(5B) -5(13) -C(2B) -C(6B) 	116.2( 3) 
C(5B) -S(13) -C(23) -C(10B)-121.68(25) 
C(2B) -S(1B) -C(5B) -C(4B) 1.9(3) 
S(L3) -C(23) -C(3B) -0(3B) -177.5( 3) 
S(LB) -C(23) -C(3B) -C(38) 	4.1( 4) 
C(63) -C(2B) -C(3B) -0(33) 63.8( 4) 
C(6B) -C(23) -C(33) -C(4B) -114.6( 3) 
C(10B)-C(2B) -C(39) -0(3B) -58.7( 4) 
C(10B)C(23) -C(3B) -C(4B) 	122.9(3) 
S(13) -C(2B) -C(6B) -C(7B) 69.5( 3) 
C(3B) -C(2B) -C(6B) -C(7B) -175.1( 3) 
C(IOB)-C(29) -C(6B) -C(7B) 	-52.8(4) 
S(1B) -C(2B) -C(10B)-C(9B) 	-69.1(3) 
C(3B) -C(2B) -C(10B)-C(9B) 	175.7(3) 
C(63) -C(23) -C(10B)-C(9B) 52.8(4) 
C(2B) -C(33) -C(43) -C(5B) 	-3.L( 5) 
0(33) -C(3B) -C(43) -C(5B) 	178.6( 4) 
C(33) -C(4B) -C(5B) -S(13) 0.4( 5) 
C(2B) -C(63) -C(7B) -C(83) 	55.3( 4) 
C(6B) -C(73) -C(8B) -C(9B) 	-56.3( 4) 
C(7B) -C(83) -C(9B) -C(10B) 	56.1( 4) 
C(33) -C(93) -C(1OB)-C(2B) 	-55.3( 4)  
C(5C) -S(1C) -C(2C) -C(3C) 	-4.47(25) 
C(5C) -S(1C) -C(2C) -C(6C) -124.59(25) 
C(5C) -S(LC) -C(2C) -C(IOC) 112.6( 3) 
C(2C) -S(IC) -C(5C) -C(4C) 3.3( 3) 
S(LC) -C(2C) -C(3C) -0(3C) -175.8( 3) 
S(IC) -C(2C) -C(3C) -C(4C) 4.9( 3) 
C(6C) -C(2C) -C(3C) -0(3C) -55.6( 4) 
C(6C) -C(2C) -C(3C) -C(4C) 	125.2(3) 
C(10C)-C(2C) -C(3C) -0(3C) 66.3(4) 
C(IOC)-C(2C)'C(3C) -C(4C) -112.9( 3) 
S(1C) -C(2C) -C(GC) -C(7C) 	-69.3( 3) 
C(3C) -C(2C) -C(6C) -C(7C) 	174.1( 3) 
C(IOC)-C(2C) -C(6C) -C(7C) 53.2(4) 
S(IC) -C(2C) -C(IOC)-C(9C) 	70.0(3) 
C(3C) -C(2C) -C(10C)-C(9C) -175.3( 3) 
C(6C) -C(2C) -C(IOC)-C(9C) -53.2(4) 
C(2C) -C(3C) -C(4C) -C(5C) 	-3.0( 5) 
0(3C) -C(3C) -C(4C) -C(5C) 	177.8( 4) 
C(3C) -C(4C) -C(SC) -S(1C) -0.8( 5) 
C(2C) -C(6C) -C(7C) -C(8C) 	-55.5(4) 
C(6C) -C(7C) -C(8C) -C(9C) 56.8(4) 
C(7C) -C(8C) -C(9C) -C(IOC) -56.6( 4) 
C(8C) -C(9C) -C(10C)-C(2C) 	55.1(4) 
C(5D) -S(1D) -C(2D) -C(3D) 3.6( 3) 
C(5D) -S(1D) -C(2D) -C(6D) 	123.7( 3) 
C(5D) -S(1D) -C(2D) -C(1OD)-113.6( 3) 
C(2D) -S(1D) -C(5D) -C(4D) 	-2.6( 4) 
S(1D) -C(2D) -C(3D) -0(3D) 	175.0( 3) 
8(10) -C(2D) -C(3D) -C(4D) -4.0( 4) 
C(6D) -C(2D) -C(3D) -0(3D) 	54.3( 4) 
C(6D) -C(2D) -C(3D) -C(4D) -124.8( 3) 
C(1OD)-C(20) -C(3D) -0(30) -67.0( 4) 
C(100)-C(2D) -C(3D) -C(4D) 114.0( 3) 
S(1D) -C(2D) -C(6D) -C(70) 69.7( 3) 
C(3D) -C(2D) -C(6D) -C(70) -173.3( 3) 
C(100)-C(2D) -C(6D) -C(7D) -52.9( 4) 
S(10) -C(2D) -C(100)-C(9D) -70.8( 3) 
C(3D) -C(2D) -C(1OD)-C(9D) 	174.2( 3) 
C(6D) -C(2D) -C(1OD)-C(9D) 52.7( 4) 
C(2D) -C(3D) -C(4D) -C(5D) 	2.5( 5) 
0(3D) -C(3D) -C(4D) -C(5D) -176.5( 4) 
C(3D) -C(4D) -C(5D) -8(10) 	0.6( 5) 
C(2D) -C(60) -C(7D) -C(8D) 56.2( 4) 
C(6D) -C(7D) -C(8D) -C(9D) 	-57.5( 4) 
C(7D) -C(8D) -C(9D) -C(IOD) 	57.3( 4) 








Table 53: Bond lengths (A) with standard deviations 
S(1) - C(2) 1.802( 5) C(3) - 	C(4) 1.427( 7) 
S(1) - C(S) 1.754( 5) C(4) - 	C(5) 1.361( 7) 
C(2) - C(3) 1.506( 7) C(S) - 	S(6) 1.720( 5) 
C(3) - 0(3) 1.237( 6) S(6) - C(7) 1.802( 6) 
Table 54: Angles(degrees) with standard deviations 
C(2) - 	 S(1) - C(5) 91.35(23) C(3) - C(4) - 	C(5) 112.8( 4) 
S(1) - 	C(2) - 	C(3) 107.7(  S(1) - C(5) - C(4) 115.3( 4) 
C(2) - 	C(3) - 	0(3) 121.3(  S(1) - C(S) - 	S(6) 114.7( 3) 
C(2) - 	C(3) - 	C(4) 112.9( 4) C(4) - 	 C(S) - 	S(6) 130.1( 4) 
0(3) - 	C(3) - 	C(4) 125.8( 5) C(S) - 	S(6) - C(7) 102.3( 3) 
Table 55: Torsion angles(degrees) with standard deviations 
C(S) - 	S(1) - 	C(2) - C(3) 0.8( 3) 0(3) - 	C(3) - C(4) - 	C(5) 179.5( 5) 
C(2) - 	S(1) - 	 C(S) - C(4) -1.4( 4) C(3) - C(4) - C(5) - 	S(1) 1.6( 6) 
C(2) - 	S(1) - 	 C(S) - 	S(6) 178.5( 3) C(3) - C(4) - C(S) - 	S(6) -178.3( 4) 
S(1) - 	C(2) - 	C(3) - 0(3) 179.5( 4) S(1) - C(S) - 	S(6) - C(7) -175.5( 3) 
S(1) - 	C(2) - 	C(3) - C(4) -0.2( 5) C(4) - C(S) - 	S(6) - C(7) 4.3( 6) 
C(2) - C(3) - C(4) - 	C(S) -0.9( 6) 
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(ii) Tautomerism in Solution 
The conventional methods used to study equilibria 
of tautomeric systems, U.V. and I.R. spectroscopieS, 
are quite insensitive to small changes in the position 
of equilibrium. 	N.m.r. spectroscopy, however, is a 
technique which provides an easily interpreted, quan- 
titative method of analysis for the tautomerism in solution 
as both forms give rise to characteristic signals when 
either 'H or 13  C nuclei are observed. 	The pattern of 
the resonances corresponding to each tautomer are easily 
distinguished and may be authenticated by analogy with 
derivatives 'fixed' in either form. 	The keto tautomer 
of 5-unsubstituted examples display a widely spaced pair 
of doublets6 H 
 ca.6.1 and 8.4) corresponding to C4-H 
and C5-H respectively and consistent with the 'keto- 
7 
fixed' 2,2-disubstituted thiophenones . 	In contrast 
the signals of the enol tautomers resonate in a chemical 
shift range 5H 
 6.3-7.3) more typical of other simple 
thiophene derivatives in general, and 3-alkoxythiophenes 
in particular. 	The pattern of signals follow a very 
similar trend in the ' 3 C n.m.r. spectra, however one of 
the most diagnostic signals is that belonging to C2 of 
the keto tautomeric forms which • resonates at a much higher 
frequency than any of the other ring carbon atoms 	Ca. 
39-66; see Section (iii)]. 
Similar characteristics have been reported for the 
analogous pyrrolones, as has the effect of solvent on the 
6 position of the keto-enol equilibrium. 	As expected 
from the literature (see Section B, Introduction) the 
tautomerism of the thiophen-3(2H)-ones is also con-
siderably influenced by solvent. 	This is exemplified 
by the 1H n.m.r. spectrum of the 5-methyithiophenone 
in [ 2 H]chloroform and [ 2 H6]DMSO which shows complete 
reversal of the position of equilibrium (Figure 292) 
The effect of solvent on the keto-enol tautomerism 
of the pyrrolones is explained by preferential hydrogen- 
6,35 
bonding between the solvent and one tautomer 	. 	By 
obtaining the 1 H n.m.r. spectra of the unsubstituted 
thiophenone (259) in various solvents it became clear 
that this factor was also applicable to the thiophenone 
series as found by Capon 
31  (Table 56). 	However, the 
difference in aromaticity between thiophene and pyrrole 
causes the position of the equilibrium to change with, 
predictably, more of the hydroxyaromatic enol form of 
the thiophene derivatives observed. 	The enol content 
in chloroform solution of the parent thiophen-3(2H)-one 
(259) is 26% compared with only 10% for the 1-t-butyl- 
pyrrol-3-one 6 in the same solvent. 	Interestingly, 
an increase in the enol content of the thiophen-3-one 
is observed in the less polar CC1 4 (Table 56) . 	This 
appears to be anomalous in comparison with the remainder 
of the series but is, however, consistent with Capon's 
work 31  and might, therefore, merit further investigation. 
In dipolar aprotic solvents (eg. THF, DMSO and 
acetone), hydrogen-bonding stabilises the enol form with 
respect to the keto form and is, therefore, observed 
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A G/kJmol1 K=(ef0 
- keto 
 H H Cd 4 58:42 -0.8 0.72 
H 	. H CDC1 3 74:26 -2.6 0.35 
H H CD3 CN 8:92 +6.1 .11.5 
H H T.H.F. <1:99 >+11.4 >99 
H H DMSO <1:99 >+11.4 >99 
H. H Acetone <1:99 >+11.4 >99 
H H MeOD <1:99 >+11.4 >99 
 Me H CDC1 3 33:67 +1.8 2.03 
Me H DMSO 3:97 +8.6 32.3 
(262) Ph H CDC1 3 <1:99 >+11.4 >99 
(264) CO2 Et H CDC1 3 <1:99 >+11.4 >99 
(282) H Me CDC1 3 >99:1 <-11.4 <0.1 
H Me DMSO <1:99 >+11.4 >99 
(280) H Ph CDC1 3 >99:1 <-11.4 <0.1 
H Ph DMSO <1:99 >+11.4 
(232) H SMe COd 3 >99:1 <-11.4 <0.1 
H SMe DMSO 72:28 -2.3 0.39 
- [keto] 
AG = - RT 	[enol] , T = Probe Temp. = 25°C 
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predominantly in both 3-hydroxypyrroles 6 ' 35 and, to a 
greater extent, 3-hydroxythiophenes (Table 56). 
The ratio of the tautomers, easily measured from 
the integrals of the 1 H n.m.r. spectra, gives a measure 
of the free energy difference between them (Table 56) 
The values vary considerably from Ca. 1 kJmol 1 in 
favour of the keto tautomer (in chloroform solution) to 
-1 >11 kJmol 	in favour of the enol tautomer (in T.H.F., 
D1SO, acetone or methanol solution) . 	In comparison 
the corresponding data for the 1-t-butylpyrrol-3-one 
gave values of 5 kJmol 1 (chloroform; keto) and 7 kJmol 1 
(DMSO; enol) 35 . 	The difference in spread of the two 
sets of data reflects the change in the position of 
equilibrium. 
The effect of ring substituerits on the keto-enol 
tautomerism was also investigated using the two n.m.r. 
solvents, DMSO and chloroform, which caused the largest 
effect in the parent unsubstituted example (259), (Table 
56). 	The results obtained for the 2- and 5-methyl 
derivatives [(260) and (282)1 are consistent with 
literature findings and illustrate the difference in 
equilibrium caused by hyperconjugation36 . 	Hence, in the 
less polar solvent, the methyl group in the 5-position 
stabilises the keto form, whereas, in the 2-position it 
enhances the enol form. 	As can be seen from the results 
in Table 56 the effect is quite pronounced. 	These effects 
became far less apparent in the more polar dimethyl-
suiphoxide where hydrogen-bonding to the solvent favours 
212 	- 
the enol tautomer. 	Interestingly the 2-methyl example 
still exists to a small degree ("3%) in the keto form 
in DMSO which can be explained by steric interactions. 
The presence and position of a phenyl substituent 
also have quite dramatic effects on the equilibrium. 
The 2-phenyl derivative (262) was found to exist 
exclusively in the enol form even in chloroform (Table 
56). 	This is consistent with trends observed in 2- 
35 
phenyl substituted pyrrolones 	and is explained by 
conjugation with both the pyrrole ring and the oxygen 
lone-pairs which stabilises the enol form (Scheme 104) 
This effect is reflected in the shielding of the p-
carbon atom relative to benzene (ASc  -1.8 p.p.m.). 
+ 
OH 
X- S, NR 






In the 5-substituted example (.280), the oxygen 
lone-pairs cannot conjugate directly with the phenyl 
substituent in the eñol form. 	However, conjugation is 
possible between the phenyl substituent and the 
unsaturated enone system of the keto tautomer (Scheme 105) 
and in the less polar. solvent this form is observed 
exclusively (see Table 56) . 	 In agreement with this some 
deshielding of the p-carbon atom relative to benzene is 







X- S. NR 
	
Scheme 105 
Interestingly, the proportion of the enol form of 
the comparable 1-methyl-5-phenylpyrrolone (Scheme 105; 
X=NMe) was found to be 17% enol in chloroform solution. 
However, this apparent anomaly can be explained by steric 
interaction between the N-substituent and the phenyl ring. 
Consequently the phenyl ring is twisted out of the plane 
of the enaminone rr-system with the result that the 
tautomerism of this derivative is more typical of a 1- 
monosubstituted pyrrolone 6 . 	Further evidence for this 
explanation is provided by the singlet phenyl resonance 
in the 'H n.m.r. spectrum as well as there being essen-
tially no change in the chemical shift of the para carbon 
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atom compared with benzene. 
The results for the 5-thiomethyl derivative (232) 
were quite similar to those of the 5-phenyl example and 
could be interpreted in a similar way (see Table 56) 
In chloroform the predominance of the keto form suggests 
that conjugation between the 5-substituent and the enone 
system stabilises this form with respect to the highly 
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	 MeS 
Scheme 106 
In DMSO, hydrogen-bonding again enhances the proportion 
of the enol form, however, it is significant that, even 
in DMSO, this is still the minor tautomer. 
Finally, the 2-ethoxycarbonyl example (264) exists, 
not surprisingly, completely as the enol tautomer even 
in chloroform (see Table 56) . 	This occurs as a result 
of intramolecular hydrogen-bonding which stabilises the 




(iii) N.m.r. Spectra of Thiophen73(2H)-oneS 
The characteristic signals in the 1 H n.m.r. and 
13  C n.m.r. spectra resulting from the a,3-unsaturated 
backbone of the thiophenones has been mentioned previously. 
The keto fixed 2,2-disubstituted examples along with the 
coinpatable keto tautomers of 2,2-unsubstitued, 2-, and 
5-rnonosubstituted derivatives are considered in this 
section. 
The proton chemical shifts and coupling constants 
for a range of thiophen-3(2H) -ones are presented in Table 
57. 
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Table 57: 'H Chemical shifts and coupling constants 





3 (2Ff) -ONE 










H H Ha 3.58 
Me H H 3.61 
Me Me H - 
-(CH2 ) 5 - H - 
Me Phc H - 
H H Me 3.63 
H H Ph 3.81 
H H SMe 3.61 






















a no fine coupling observed between C5-H and C2-H even 
with line narrowing; 
b also showed fine coupling to one proton in the 
cyclohexyl ring ( 5 J0.7Hz); 
c racemic mixture 
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The signal corresponding to C4-H typically lies 
in the range 6 H 
 6.0-6.2 with a value of 6 "6.5 being 
observed for the 5-phenyl example due to ring current 
effects. These values compare favourably with liter- 
ature values for other simple thiophen-3-ones 7 . 	The 
corresponding signals in the pyrrolone series came in 
the range 6 H 4.9_5.156, shielded by %1 p.p.m. compared 
to the thiophenones, which is typical of the difference 
expected on changing the heteroatom in such conjugated 
systems 124  and reflects a reduced contribution from the 
dipolar canonical form (294) when X=S (Scheme 108). 
0 
X- S, NR 	 (294) 
Scheme 108 
The chemical shift of the C5-H, where present, shows 
little variation and lies in the range 6 8.2-8.5 which is 
consistent with comparable examples in the literature 7 . 
These values do not differ at all from those reported for 
the N-alkylpyrrol-3-one 6 which infers that the average 
electron distribution around C5 is very similar regardless 
of the heteroatom. 	This is also reflected in the carbon 
chemical sift of C-5 in both heterocycles (see later) 
The chemical shift of the C2-H(s), where present, 
vary only slightly depending on the nature of the ring 
substituents. Indeed, the chemical shift is typically 
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3.6±0.03 with the exception of the 5-aryl examples 
which are slightly deshielded (SH  "3.8) as a result of 
ring current effects. 	The corresponding values in the 
pyrrolone series do not differ appreciably which is 
expected on the basis of literature considerations 124 
The vicinal proton-proton coupling constants across 
C4-H to C5-H lie in the range 5.7-6.0Hz and are typical 
of the values expected for such systems 7 . 	This coupling 
is larger than in the pyrrolones but the difference is 
consistent with that observed between the parent nuclei 124 . 
Finally, the C5-H signal of the thiophenones is 
generally a sharp signal, unlike the corresponding 
resonances in the pyrrolones which are usually broadened 
due to fine couplings 6 . 	Interestingly, however, a long- 
range coupling of 0.7Hz to a single proton in the 2-
substituent is observed in the 2,2-pentamethylene 
derivative. 	This phenomenon was not reported for the 
corresponding pyrrolone. 	Very little 13 C n.m.r. data 
is available on simple thiophen-3(2H)-ones (3-hydroxy- 
thiophenes). 	Tables 58 and 59 show the chemical shifts 
of the ring atoms and their carbon-proton coupling con-
stants for a range of thiophenones. 
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THIOPHEN- 	R' 	R 2 	R 3 	C2 	C3 	C4 	CS 
3 (2H) -ONES 
 H H H 38.6 203.4 123.4 164.9 
 Me H H 48.3 207.2 121.9 164.5 
 Me Me H 56.6 207.7 120.3 161.4 
(263) -(CH2 ) 5 - H 65.5 207.3 121.6 161.9 
(265) Me PhC H 62.3 206.3 119.6 162.5 
(282) H H Me 41.4 202.5 121.7 180.1 
(280) H H Ph 40.6 202.4 118.3 178.7 
(232) H H SMe 40.6 197.9 115.7 182.5 
(293) H H p-t- 40.4 202.8 117.7 178.4 
butyl- 
Ph 
c racemic mixture 





_C2 -  C4  C5  
H2 H4 H5 H4 HS HS H4 
 H H H 143.6 6.7 2.7 176.2 4.0 
180•3b 8.0 
 Me H H 138.4 a a 175.8 3.3 178.2 a 
 Me Me H - a a 175.4 3.9 179.2 7.0 
(263) -(Cl! 2 ) 5 - H - a a 173.8 2.8 179.1 7.2 
(265) Me Ph H - a a 176.2 2.8 180.3 7.8 
(282) H H Me 143.6 6.7 - 172.3 -. - a 
(280) H H Ph 143.6 5.7 - 170.8 - - a 
(232) H H SMe 141.3 6.6 - 174.1 - - a 
a Unresolved; b Additional coupling to. C2 methylene group, 3 J2.6Hz; 
C 	 3 Additionalcoupling to 5-Me substituent, J4.2Hz. 
FOOTNOTE: Couplings of C3 usually too complex forassignment. 
cD 
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The chemical shifts of the C2 atom lie in a wide 
range which gradually increases with increased sub-
stitution (i.e. methylene - methine - quaternary) as 
found for the pyrrolones 6 . 	However, in general, the 
2-position of the thiophenones is less deshielded than 
the corresponding position in the pyrrolones consistent 
with sulphur being less electronegative than nitrogen. 
The signal for the C-3 atom in the thiophenones 
generally occurs at 6 >200. 	These signals are, on 
the whole, slightly more deshielded than the corresponding 
positions in the pyrrolones which can be explained by 
a decreased contribution from the dipolar canonical form 
(295) when X=S (Scheme 109) 
0 
R 	X 	R 
X. 5, NR 	 (295) 
Scheme 109 
This explanation is further justified by the observation 
that when the electron-donating group thiomethyl is present 
in the 5-position, the C3 signal is significantly shielded 
197.9) compared with the other derivatives. 	There is 
also a trend towards increased deshielding of the C3 with 
increased substitution at the 2-position; 2,2-unsub- 
stituted examples give 	203 whereas 2-mono-, and 2,2- 
disubstituted give 	207. 	This characteristic has also 
been reported, and is slightly better defined, in the 
pyrrolone series 6. 
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The resonances for the C4 atom appear at 6 120- 
123 in derivatives that do not have a 5-phenyl substituent 
and 	118 in those that do. 	This difference is a 
result of increased electron density at this position 
via conjugation with the phenyl ring. 	Similarly the 
C4 signal in the 5-thiomethyl compound is considerably 
shielded; the effect is more pronounced in this case 
presumably because the methylthio group is acting as a better 
electron-donor than the phenyl ring. 	As expected on the 
basis of the different electron-donating capacities of the 
heteroatoms the chemical shifts of the C4 signals in the 
thiophenones are more deshielded than the corresponding 
positions in the pyrrolones 6 . 
The chemical shifts of the C5 atom in the 5-unsub-
stituted examples lie in the range 6 162-165 and do not 
vary noticeably from those of the corresponding pyrrolones 6 . 
This observation can be explained in the same way as the 
proton spectra discussed earlier. 
In the 5-substituted examples, the C5 atom exhibits 
substituent effects which are in the same direction but 
are generally smaller than the corresponding effects in 




R 	 '5 - C. 	
6 
CO 
H 	 164.9 	 128 
Me 	 +15.2 	 +9 
Ph 	 +13.8 	 +13 
SMe 	 +17.6 	 +10.4 
The one bond carbon-proton coupling constants for 
C4 are generally larger than those for C5, typically 
171-176Hz and 178-180Hz respectively. 	This is a general 
characteristic of 3-substituted thiophenes 137 and is also 
observed for the pyrrolone heterocycles 6 . 	The two bond 
couplings across C4-05 are quite different, 	2-3Hz for 
C4-05(H) and 7-8Hz for C5-C4(H). 	These compare with 
values of 6-7Hz and 8.4-9.4Hz respectively for the 
6 
pyrrolones 	The signal for the C5 position was frequently 
complicated by fine couplings to, either, the 2-proton or 
where appropriate, the 5-substituent and for most part these 
couplings could not be resolved. 	Similarly, the long range 
couplings for the C3 atom were complex. 
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(iv) N.m.r. Spectra of 3-Hydroxythiophenes 
A difference in chemical shift between c- and 
3-protons in 5-membered heteroaromatics occurs due to 
the electronic nature of the heteroatom. Consequently 
a-protons are more deshielded than s-protons and the 
difference between the two becomes greater as the 
aromaticity of the heterocycle decreases 124 . 
In the 3-hydroxythiophene series the mesomeric 
effect, of the hydroxy substituent results in the 2-proton 
being shielded considerably more than the other a-proton 





Hence the order of signals in 3-hydroxythiophenes was 
found to be 6 C5-H>C4-H>C2-H which is in accordance with 
compatable literature examples 7 . 	The corresponding order 
in the 3-hydroxypyrroles was observed to be 6 C5-H>C2-H> 
6 C4-H . 	This suggests an increased contribution from the 
dipolar canonical form shown in Scheme 110 when the 
heteroatom is sulphur, perhaps due to the ability of this 
heteroatom to stabilise ct-carbanions. 	This explanation 
is also consistent with the observation that the difference 
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in chemical shift between the two cL-positions is greater 
in the hydroxythiopiene (A6 H 
 %0.8).than in the hydroxy-
pyr roles (ASH 0.3)6. 
The proton chemical shifts - and coupling constants 
for various 3-hydroxythiophenes are shown in Table 61. 
Table 61: 1 H Chemical shifts and coupling constants 
of 3-hydroxythiophenes 
R 	 R 
3-HYDROXY- 
THIOPHENE 
R R' C2-H C4-H C5-11 3 J4 	5 (Hz) 4J2 	4 
(259)
* 
 H H 6.29 6.71 7.10 5.1 1.6 
(260) Me H - 6.59 6.84 5.4 - 
(262) Ph H - 6.74 7.08 5.4 - 
(264) CO 2Et H - 6.69 7.31 5.4 - 
(282)* H Me 5.95 
+ 
6.38 - - 1.7 
(280)
* 
 H Ph 6.27 7.06 - - 1.7 
(232)
* 
 H SMe 6.24 6.66 - - 1.8 
* 
recorded in [ 2 H6]DMSO 




The C2-H signals lie in a narrow range between 6 6.2-
6.3 with the exception of the 5-methyl derivative which 
exhibits slight shielding at this position. 	These 
values compare favourably with literature examples 7 . 
Unfortunately, the lack of relevant chemical shift data 
for 3-hydroxypyrroles makes a comparison impossible. 
The resonances for the C4-H in simple 3-hydroxy-
thiophenes typically occur between 6 H 
 6.2-6.5, however, 
the C4-H of the 5-phenyl example is deshielded slightly 
by the ring current effect of the substituent. 	The 
corresponding values for the hydroxypyrroles appear more 
shielded (SH  5.5-5.9) but this difference is expected by 
consideration of the parent nuclei 124 . 
The CS-H signals lie in the expected range between 
H 
6.8-7.1 with the exception of the resonance for the 
2-ethoxycarbonyl derivative (264) which is deshielded 
slightly via the mesomeric electron-withdrawing effect 
of the substituent. 	The corresponding signals in the 
3-hydroxypyrroles normally come between 6 H 6.3_6.56 and, 
again, this difference can be justified by consideration 
of the same positions in the parent nuclei 124 . 
The proton-proton coupling across C4(H)-05(H) is 
typically >5Hz which is in agreement with literature 
values  but is larger than the value in thiophene itself 124 
The analogous couplings in the hydroxypyrroles are much 
smaller (2.8*32Hz) and more typical of the parent hetero-
cycle 6 . 	The 4 j  couplings from C2-H to C4-H and CS-H in 
the unsubstituted 3-hydroxythiophene (259) are 1.6Hz and 
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3.2Hz respectively. 	These coupling constants are much 
the same as in thiophene itself 
138  and are very similar 
to those reported for the hydroxypyrroles 6 . 
As mentioned previously, in connection with the 
spectra of the thiophen-3(2H) -one moieties, very little 
13 C n.m.r. data is available for 3-hydroxythiophenes. 
The 13 C n.m.r. chemical shifts and carbon-proton coupling 
constants for the range of 3-hydroxythiophenes prepared 
are shown in Tables 62 and 63. 
Table 62: 13 C Chemical shifts of 3-hydroxythiophenes 
R 	 R 
3 -HYDROXY- 
THIOPHENE 
R R C2 C3 C4 C5 
 H 
* 
H 98.0 155.1 119.9 124.4 
 Me H 113.2 148.9 119.9 119.5 
(262) Ph H 117.8 148.7 120.5 122.3 
(264) CO 2Et H 103.8 164.4 118.9 131.1 
(282) H 
* 
Me 95.2 154.1 118.6 137.2 
(280) H 
IV 
Ph 98.2 155.4 116.4 140.9 
(232) H SMe
* 
 100.1 154.4 122.5 134.6 
* 
recerded in [2H6]DMSO 
Table 63: Carbon-proton coupling constants in 3-hydroxythiophenes 
R 	 R 
C2 C3 C4 C5 
3-HYDROXY- 
THIOPHENE R R'  
1i
H(2) H(4) 	H(S) 
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H 184.1 7.6 	3.8 11.6 	1.8 167.1 7.4 4.7 187.2 6.3 	6.3 
(260) Me H*  - a 	a a 	a 163.0 - 3.8 188.7 5.1 	- 
(262) Ph H - a 	a 10.7 	2.0 169.6 - 2.5 188.4 4.0 	- 
(282) H Me
* 
 184.0  7.4 	- - singlet 166.0 5.4 - - multiplet 
(280) H Ph* 185.4 7.5 	- 166.1 6.8 - - multiplet 
(232) H SMe* 185.9 7.2 	- 168.6 6.7 - - multiplet 
* recorded in [2H6]DMSO; 	+ long range couplings were also observed to the OH group of the parent derivative 
(see Figure 296 later in this section); 	a unresolved. 
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The effect of the hydroxy substituent on the chemical 
shift of the ring carbon atoms is, not surprisingly, very 
similar to that observed in the 3-methoxy derivative 137 
From the data in Table 62 it is clear that sub-
stitution of the 2-position by an alkyl or aryl group 
increases the chemical shift of that position by between 
15-20 p.p.m. compared with the unsubstituted 3-hydroxy-
thiophene. 	The 3-position is shielded by approximately 
6 p.p.m. in both cases. 	These shifts are in the same 
direction as predicted from benzene analogues but, as in 
the hydroxypyrroles 6 , are significantly larger. 	The 
shifts of signals for the 4- and 5-positions are generally 
insignificant although a slight shielding at CS in the 
2-methyl derivative is observed. 
The introduction of the 2-carboethoxy group (264), 
not surprisingly, causes considerable deshielding at both 
C2 and CS with no appreciable change at C4. 	These changes 
are again consistent in direction but slightly larger than 
in the benzene analogue. 	As reported for the hydroxy- 
pyrroles 6 , the substituent effect of the hydroxy function 
on the ring-carbon atom of attachment for 2-substituted 
3-hydroxythiophenes varies. 	In the 3-hydroxypyrrole 
series it was suggested that this effect was caused by 
steric interactions between the 2-substituent and the ring 
hydroxy substituent and this explanation seems equally 
applicable to the 3-hydroxythiophenes. 
Alkyl or aryl substitution at the 5-position of the 
hydroxythiophenes has a very similar effect to the corres- 
ponding 2-substituent with respect to the change in chemical 
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shift at the position of substitution. 	However the 
effect on the 'ortho' position, C4, is not as significant 
and is, consequently, more typical of benzene analogues. 
As with the 2-substituted examples, only small shifts are 
observed for the 'meta', C3, and 'para', C2, signals of 
the 5-substituted derivatives with the exception of 
slight shielding of C2 in the 5-methyl compound. 
The 13 C n.m.r. data for the 5-thiomethyl derivative 
(232) gave rise to some interesting anomalies when com-
pared with both its benzene analogue, thioanisole, and 





Cl 0 m p 
128.5 128.5 128.5 128.5 
138.6 126.8 128.8 125.0 
+10.1 -1.7 +0.3 -3.5 
C5 C4 C3 C2 
124.4 119.9 155.1 98.0 
134.6 122.5 154.4 100.1 





The shift at the position of substitution is "ilO p.p.m. 
which is consistent with the value expected by comparison 
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with thioanisole. 	However the substituent causes 
deshielding at both C4 and C2 of the hydroxythiophene, 
positions expected to be shielded on the basis of con-
jugation and from consideration of the shifts in 
thioanisole. 	The chemical shift of C3, meta to the 
substituent, is again essentially unchanged. 
The chemical shift of the methyl group in 2-methyl-
3-hydroxythiophene is shielded compared to 2-methylthio-
phene, 6 10.2 and 14.4 respectively. Since a similar 
difference is not observed, in the 5-methyl derivative, 
15.4, €hen it appears that the effect of the increased 
electron density from the hydroxy function is responsible, 
consistent with observations made in the hydroxypyrrole 
series 6 
The one bond carbonr-proton coupling constants for 
C2, C4 and CS are relatively independent of the substituents 
over the range of derivatives studied (Table 63) . However 
the 2-methyl derivative (260) does have a slightly smaller 
'J coupling constant for C4. 	The magnitude of the C2 
and C5 1 J constants, where present, are very similar, 
however, that of C4 is considerably smaller (by ca.20Hz). 
The same trend was observed in the pyrrolone series  and, 
in both cases, enabled the closely spaced signals corres-
ponding to C2 and C4 to be distinguished. 	Indeed this 
feature showed that the sequence of signals for C4 and 
CS in the 2-methyl example had reversed (Table 63). 
Certain signals in the fully coupled 13 C n.m.r. 
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spectrum of the parent unsubstituted hydroxythiophene 
(259) appeared to be more complex than would be predicted. 
However sequential 'H decoupling experiments revealed 
that C2, C3 and C4 were not only coupling to all three 
ring protons but also to the proton of the hydroxy group. 
The decoupling experiments enabled most of the couplings 
to be assigned, the remainder were assigned by analogy 
	
with 5- and 2-substituted examples (Table 63). 	The long 
range couplings of the parent 3-hydroxythiophene are 
shown in Figure 296 along with corresponding data for 
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Figure 296 
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Not surprisingly there is little variation between the 
long range coupling constants of the 3-hydroxy- and 
3-methoxythiophenes. 	As found for the parent systems 
however, several differences are noticeable when the 
hydroxythiophene and hydroxypyrrole data are compared. 
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G. 	THE REACTIVITY OF THIOPHEN-3(2H)-014ES (3-HYDROXY- 
THIOPHENE8) 
(i) General Stability 
• Simple thiophenones are reported to be highly unstable 
7 
compounds which decompose easily . 	The parent thiophenone 
(259) is indeed an unstable compound which dimerises 
reasonably cleanly either as the neat material or in 
solution over a period of days, even at low temperature. 
The mass spectrum of the crude material clearly shows the 
presence of a parent ion at m/z 200 (i.e. 2 x C4 H4 0S) and 
accurate mass measurement confirmed the molecular formula 
as C 8H80 2 S 2 . 	The identity of the dirner was not obvious 
from the 1 H n.m.r. spectrum although it contained a pair 
of doublets at 6 7.01 and 6 6.62 consistent with a 
rnonosubstituted 3-hydroxythiophene. 	The remainder of the 
spectrum consisted of a one-proton triplet at 6 H 4.91 
(J7.4Hz), two mutually coupled one-proton doublets at 
3.51 and 6 H 
 3.37(J17.7Hz) and two mutually coupled 
one-proton double doublets at 6 2.96 and 6 2.83 (J17.8 
and 7.4Hz). 	The two larger couplings of18Hz are 
characteristic of two geminally non-equivalent methylene 
groups. 	A n.O.e. experiment showed that the two aromatic 
protons were adjacent (5% and 7% enhancements) and hence 
that the dimer must be a 2-substituted hydroxythiophene. 
Decoupling of the triplet at 6 4.91 caused the two double 




13 C DEPT n.m.r. confirmed the presence of two 	 -. 
methylene groups, & 39.41 and 6 37.80, as well as 
showing two aromatic methine signals, S 122.30 and 
120.46, and one aliphatic methine signal, 6 
The 13 C broad band decoupled n.m.r. spectrum contained 
an additional three quaternary carbon signals, two at 
low frequency, 6 212.69 and 6 150.38, and the other at 
higher frequency, 6 117.29. 	The medium and high 
frequency signals were assigned as C2 and C3 respectively 
of the 2-substituted 3-hydroxythiophene by analogy with 
other examples. 	The signal at •lowest frequency was 
consistent with ketone functionality. 	The combination 
of the above data led to the assignment of the unknown 
dimer as the bithiophene (297). 
0 
(297) 
This structure clearly fits with the acquired data with 
the asymmetric centre giving rise to the two non-
equivalent methylene groups. 
The formation of such species has not been reported 
previously for thiophen-3-ones, however, a similar 
dimerisation reaction does occur in the thiophen-2-one 
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series and is proposed to form via a Michael addition 
reaction 7 . 	Obviously a similar Michael addition process 
could be occurring in the case of the thiophen-3-one (259) 







In agreement with a previous report 
38 the 2-methyl 
derivative was also found to be very unstable. 	Although 
the transformation appeared clean on 'H n.m.r. no product(s) 
could be identified, consistent with the previous report 38 
The 13 C DEPT n.m.r. spectrum suggested that the product 
was not the analogous dimer by the absence of any methylene 
signals. 
Finally, a solution of 2-phenyl-3--hydroxythiophene 
in deuteriated chloroform was found to turn deep blue within 
a few hours at room temperature. 	This process was not 
related to decomposition since the compound was recovered 
quantitatively. 	The possibility of radical formation 
causing the colour was investigated by e.s.r. spectroscopy, 
but no radical species could be detected. 
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(ii) Reaction with Nucleophiles 
In view of the possibility that the bithiophene 
(297) was formed via a Michael addition reaction, it was 
decided to investigate the reaction of thiophen-3-ones 
with nucleophiles. 	The 2,2-diniethyithiophenone (261) 
was chosen as the model compound since it is fixed as 
the keto tautomer and, therefore, most likely to be a 
Michael acceptor. 	Initial, in situ, experiments in a 
range of deuteriated solvents using morpholine as the 
nucleophile showed that both Michael addition and a 
deuterium exchange process were occurring (Table 65a) 
Table 65a: Reaction of 2,2-dimethylthiophen-3-one with 
morpholine at r.t. in various .deuteriated 
solvents 
SOLVENT- 	 % ADDITION 	% EXCHANGE AT 4-POSN. 
Acetonitrile 	 60 	 0 
DMSO 	 50 	
0a 
Benzene 	 60 	 0 a 
Methanol 	 0 	
100b 
Acetone 	 50 	 100 c 
Chloroform 	 50 	 0 
a No change after 8 days; 
b  spectrum recorded after 4h; 
C spectrum recorded after 9 days. 
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The Michael adduct (298) was easily identified 
from the characteristic double doublet at 
(J8.4 and 3.4Hz) assigned to the methine proton in the 
product. The signals for the non-equivalent methylene 
group were partially superimposed on the signals of the 
morpholine residues but resonated at approximately 
3.2 (J17.7 and 8.4Hz) and 6 2.7 (J17.7 and 3.4Hz) 
respectively. 	The products created by deuterium exchange 
at the 4-position were identified by the removal of the 
coupling at C5-H in both the tLiophenone (299) and the 
Michael adduct (300) . 
Attempts to isolate the Michael addition products 
were unsuccessful as were attempts to drive the reaction 
to completion. 	These observations implied that the 
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Hence the dipolar intermediate (301), formed by conjugate 
attack of the amine at C5 of the thiophenone in aprotic 
media, can undergo intramolecular H transfer to give the 
addition product (298) [pathway (a)]. 	Alternatively, 
abstraction of D+  from the reaction medium (acetone or 
methanol) followed by either elimination of R 2NH or 
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would give the exchanged product (299) or (300) 
respectively [pathway (b)]. 
Further experiments using different amines gave 
similar results, Table 65b, but again the products 
could not be isolated. 	The data obtained from the 
experiments involving dimethylarnine reinforced the 
hypothesis that these reactions were equilibria since 
increasing the molar ratio of the amine causes the 
proportion of the product to increase (Table 65b). 
Table 65b: Reaction of 2,2-dimethylthiophenone 
with other nucleophiles 
NUCLEOPHILE % CONDITIONS 
ADDITION 	% EXCHANGE 
t-butylamine CD3CN/r.t. - 	 >90% after 9 
days 
aniline CD3CN/r.t. - 	 '15% after 9 
days 
dimethylamine CD 3 CN/r.t. 60 	 - 
(1 	equiv.) 
dimethylamine CD 3 CN/r.t. 80 	 - 
(5 equiv.) 
thiophenol CDC1 3 /r.t.or 79 ° C no reaction 
thiophenol CDC1 3 /NEt 3 /r.t. 50 	 - 
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Thiophenol, an example of an S-nucleophile, was 
found to be inert under 'normal' conditions; no reac-
tion of either type was detected even at elevated 
temperature. 	However, the addition of a catalytic 
amount of triethylamine caused the rapid formation of 
an addition product assigned as the '5-adduct' by analogy 
with the amino examples (Table 65b). 	Attempts to isolate 
this product also failed. 
In the light of these results it appeared that the 
5-thiomethyithiophenone might provide a 'trap' for the 
products since addition of the nucleophile followed by 
elimination of methanethiol would give 5-substituted 
derivatives (Scheme 113) . 	However, under optimal con- 
ditions, no reaction was observed even at elevated 
temperature. 
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Scheme 113 
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(iii) Reactions with Electrophiles 
(a) 	Protonation 
An investigation into the stability of the 1H-
pyrrol-3(2H)-ones under strongly acidic conditions 
[trifluoracetic acid (TFA)1 revealed that protonation 
occurred smoothly without decomposition to give stable 
species 6,69. 	The thiophen-3(2H)-ones were also found 
to protonate cleanly under the same conditions to give 
equally stable products which were observed in solution 
using 1 H n.m.r. spectroscopy (Table 66). 
Table 66: Changes in 1 H n.m.r. chemical shifts and 
3j 
4,5 







PROTONATED R' R 2 R 3 C-2H C-4H C-5H 4,5 SUBSTRATE 
 H H H 4.11 6.61 9.04 5.6 
(+0.53) (+0.39) (+0.68) (-0.1) 
 Me Me H - 6.38 8.88 5.8 
(+0.40) (+0.64) (-0.2) 
 H H SMe 4.55 6.75 - - 
(+0.94) (+0.87) 
 H H Ph 4.44 7.10 - - 
(+0.63) (+0.54) 
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The difference in chemical shifts between 
protonated and unprotonated forms (A6 Hj' 
 shown in brackets) 
reflects the positive nature of the species, however, the 
magnitude of the changes are generally smaller than those 
observed for the pyrrolones 6 ' 69 . 	This may be explained 
by incomplete protonation of the thiophenones under these 
conditions arising from the difference in the electronic 
nature of the heteroatom. 	This is consistent with the 
larger shift changes observed for the more electron-rich 
5-thiomethyl derivative (304) which are more typical of 
those reported for the pyrrolones. 	Similarly, very little 
difference is observed between the 3 J4 	constant of the 
protonated and unprotonated thiophenones which again 
contrasts with the trends reported for the pyrrolones 6,69  
and may be explained in the same way. 
A study of acid-catalysed {[ 2 H]trifluoroacetic acid 
(D-TFA) } proton exchange reactions involving the pyrrolones 
led to the formulation of a general scheme which explained 
the experimental results (Scheme 114; X=NR, RH) 
,OH 
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Scheme 114 
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Hence 2,2-disubstituted ('keto-fixed') pyrrolones were 
found to exchange at the 4-position only, explained by 
C-protOnatiofl of the free base (path a) . 	2,2-Unsub- 
stituted examples exchange at both the 4-position and, 
more slowly, at the 2-position but not the 5-position. 
Exchange at the 4-position can occur via path a, as 
before, or by path b which involves C-deprotonatiOn 
followed by typical pyrrolic substitution. 	Exchange 
at the 2-position can only be rationalised via protonation/ 
deprotonation of the enol form (Scheme 115; X=NR, RAH) 
and this was subsequently proved using the 'enol-fixed' 
3-methoxypyrroleS. 	These experiments also showed that 
path a is the dominant mechanism for exchange at the 4-
position and that exchange does not occur via an O-proto- 
nated species 6 ' 69 . 
+ 	// + 1 
	
OR 	dOR   'OR 
 - 
H 	 D 
R 	H, Me 
Scheme 115 
The exchange reactions of the thiophenones under the 
same conditions (D-TFA) were found to be significantly 
different from those of the pyrrolones. 	No exchange 
occurred at all in the 2,2-dimethyl ('keto-fixed') example 
(303) , even after many weeks at room temperature. 	The 
245 
protonated form of the unsubstituted thiophenone (302) 
was found to exchange at all three ring positions in the 
order 2>5>4. 	Both of these observations obviously 
contrast with the trends in the pyrrolone series and 
are explained by the thiophenones exchanging via the 
hydroxy form only. 	Hence the rapid exchange at the 
2-position is caused by the conjugative electron-donating 
effect of the hydroxy substituent and is therefore 
directly analogous to the methoxy- and hydroxypyrroles 
(Scheme 115; X=S, R'=H) . 	Exchange at the 4- and 5- 
positions, which are not directly conjugated to the 
hydroxy substituent, must therefore occur via a similar 
mechanism to that of thiophene itself. 	This is reflected 
in the relative rates of exchange, C-5H>C-4H, however the 
difference in the rates of exchange at these two positions 
(ca. 3:1) is not as great as in thiophene itself (ca. 
1000:1)1 which infers that the hydroxy group is having 
some stabilising effect which is enhancing exchange at 
the 4-position. 
Unfortunately the corresponding study of 3-rnethoxy-
thiophene failed due to the sensitivity of the compound 
under these conditions. 
Not surprisingly the rate of exchange at the respective 
4-positions of both the 5-phenyl- (305) and 5-thiomethyl-
thiophenone (304) is greater than that in the parent 
compound. 	This is undoubtedly due to the conjugative 
electron donation of these ring substituents which increase 
the electron-density at this position. 	The effect of the 
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5-thiomethyl group is more dramatic than the 5-phenyl 
substituent increasing the rate of exchange at the 4-
position to approximately the same as that observed for 
the corresponding 2-position. 
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(b) Reactions with 5-methoxymethylefle-2, 2-dimethyl- 
1 ,3-dioxane-4,6-diOne (methoxymethylene Meidrum's 
acid) 
Methoxymethylene Meidrum's acid is a mild and 
convenient C-electrophile discussed previously in connec-
tion with the 3-hydroxy- and 3-methoxypyrroles (see 
Section B) . 	Under the same experimental conditions the 
attempted reaction of methoxymethylene Meidrum's acid 
with the parent thiophenone only led to decomposition. 
The analogous reaction with the more stable 2,2-dimethyl 
derivative also failed even at elevated temperature (68 ° C) 
in contrast to the corresponding pyrrolone 6 ' 69 . 	These 
results are perhaps not surprising since pyrrole itself 
1 
is much more reactive towards electrophiles than thiophene 
However, the 5-thiomethyl derivative did react slowly at 
room temperature to give a single highly insoluble product 
(306) (Scheme 116) 
O OH H 40 	
C H3 	
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From the very weak 1} n.m.r. spectrum of the highly 
insoluble product it was not possible to assign either 
its regiochemistry or to carry out n.O.e. experiments. 
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However, the assignment was accomplished indirectly by 
pyrolysis of the product. 
Thus flash vacuum pyrolysis of (306) gave asingle 
soluble product which was clearly a pyrone derivative 
from the presence of characteristic wide-spaced signals 
at 6 7.56 and 6.14 in the 1 H n.m.r. spectrum. 	The only 
other resonances in the spectrum were due to the remaining 
unsubstituted ring position (5 6.87) and the thiomethyl1.1 
group 5H  2.58). 	
A simple n.O.e. experiment involving 
irradiation of the thiomethyl signal then showed that 
compound (307), of the two isomeric structures (307) or 
(308) , had been formed. 	Hence the initial substrate must 
have been 'Meldrumsated in the 2-position. 









This result infers that, even although 5-thiomethylthio-
phenone (232) exists predominantly as the keto tautomer, 
the enol tautomer of this derivative is by far the more 
reactive. 
Formylation 
5-Thiomethyithiophenone (232) was chosen as the 
model compound for this reaction on the basis of sensitivity 
and reactivity (see preceding section). 	Under typical 
Vilsmeyer conditions this thiophenone was found to 
formulate smoothly in good yield (60, not optimised) 
(Scheme 117). 	The single product obtained was assigned 
as the 2-carbaldehyde (309) by analogy with the previous 
'2-Meldrumated' adduct. 
'OH 
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Scheme 117 
This result is also con sistent with the methoxymethylene 
Meidrum's acid reaction (see previous section) in that 
substitution must occur via the minor enol tautomer. 
As expected the product (309) exists exclusively in the 
enol form stabilised by hydrogen-bonding (see Section B 
in the Introduction) 
Other electrophiles 
The reactivity of pyrrol-3-ones (3-hydroxypyrroles) 
with oxalyl chloride, a very reactive electrophile (see 
6 ' 69 Section B) , halogenating agents under mild conditions  
249 
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and dienophiles (see Section B) exhibited some of the 
potential scope of reactivity of such systems. 	Under 
the same conditions both the parent unsubstituted and 
5-thiomethyl-thiopheflofleS decomposed on exposure to oxalyl 
chloride. 	Similarly attempted halogenation of both the 
2,2-dimethyl-. and 5-thiomethyl-thiophenofles resulted only 
in decomposition. 	These thiophenone derivatives were 
found to be inert to cycloaddition and/or Michael 
addition in the presence of DMAD or maleic anhydride, 
even at elevated temperature (79'C). 	The failure of 
these thiophenone derivatives to undergo such reactions 
is in line with the comparative reactivities of pyrrole 
and thiophene 1 . 
(e) Alkylation and acylation 
Alkylation of ambident enolate ions such as those 
derived from deprotonation of pyrrolones (see Section A) 
or thiophenones 7 is dependent on many variables. 	However 
it was found that regiospecific O-alkylation of the 
pyrrolone enolates could be achieved using the combination 
of an alkylating agent with a 'hard' leaving group (alkyl 
tosylates) in a dipolar aprotic solvent (dimethyliraid- 
azolidinone; DM1). 	Application of these general con- 
ditions to the enolate ions generated from thiophen-3-
one derivatives also led to regiospecific O-alkylation in 
good yield, the only adaptation required being that the 
thiophenones required longer to react (overnight at r.t. 
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c.f. 3 hours at r.t.). 	This may be explained by the 
ability of sulphur to stabilise ct-carbanions 139 . 	This 
provided a potentially general route to substituted 
3-alkoxythiophenes as well as the parent 3-methoxythio-
phene itself, previously prepared via alternative routes 
(see Introduction) . 	However in the course of this 
research only a few 5-substituted-3-methoxy examples were 
prepared (Table 67). 
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Acylation of. thiophen-3-ones always occurs on 
oxygen because of the 'hard' nature of acylating agents 
and many sets of reaction conditions are known 7. 
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Acylation of some of the simple thiophenones prepared 
during this research was also carried out using con-
ditions originally derived for the pyrrol-3-ones 
(acetyl chloride/triethylamifle) 104 (Table .67). 
The 'H and ' 3 C n.m.r. spectra of the 3-hydroxy-
(259), 3-methoxy- (310) and 3-acetoxythiophene (313) 
provide an interesting comparison of the effect of 
changing the O-substituent (Tables 68 and 69). 
Table 68: 'H n.m.r. chemical shifts and coupling 
constants for (259) , (310) and (313). 




3 J-  4,5 
(259) 6.28 6.71 7.25 1.6 
(310) 6.28 6.79 7.20 1.6 




Table 69: ' 3 C N.m.r. chemical shifts and coupling constants for (259), (310) and (313) 




H(2) H(4) NS C 
2J 	
i 




H(4) H5l H2 
6 1 
H(S) 	H(2) 2J H(4) 1-1(4
(259) 98.0 184.1 7.6 3.8 155.1 1.8 11.6 119.9 167.1 4.7 7.4 124.4 
187.2 	6.3 6.3 
(310) 96.5 183.2 6.8 3.9 158.7 unresolved 119.2 166.9 6.6 6.6 124.7 
187.2 	5.4 5.4 
(313) 110.7 188.5 6.8 2.7 146.9 undetected 12.6 121.7 172.0 4.1 6.9 124.0 
188.6 	5.7 6.5 
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Not surprisingly both the 'H and ' 3 C n.m.r. spectra 
of the 3-hydroxy (259) and 3-methoxy (310) compounds 
are very similar except for some minor differences in 
the magnitude of coupling constants. The 3-acetoxy 
derivative (313) does show significant changes in both 
its 'H and ' 3 C n .m.r. spectra compared to the spectra 
of the other two compounds. 	In the 'H n.m.r. spectrum 
both C2-H and C4-H are deshielded; the effect at C2-H 
is considerable, due to the conjugative electron-with-
drawing effect of the acetyl group which reduces the 
'extra' electron density donated from the oxygen sub-
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Scheme 118 
The deshielding of C4-H does not appear to be due to the 
electron-withdrawing effect of the acetoxy group since 
this would be expected to affect C5-H in a similar way 
but instead may be due to the anisotropic effect of the 
acetyl carbonyl group. 	No difference is observed in the 
magnitude of the J constants.HH 
The changes in the ' 3 C n.m.r. spectra follow the 
same pattern and can be explained in the same way. 	The 
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13C/ 1 H coupling constants, especially the one bond 
couplings, differ noticeably for those positions which 
experienced the change in chemical shift. 
The trends in the comparable series of pyrrole 
derivatives are essentially the same with only slight 
differences in the magnitudes of the shifts 104 
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(f) Reactions with radicals 
The observed facile autoxidation of some 2-mono-
substituted pyrrol-3-ones led to a general investigation 
of the process using e.s.r. spectroscopy and a range of 
49 
pyrrolone derivatives 6, . 	 Unfortunately only weak and 
unresolved spectra were obtained by irradiating a t-
butylbenzene solution of the 2-monosubstitu.ted examples 
in the presence of a radical initiator, di-t-butyl-
peroxide. 	However, under the same conditions, strong 
interpretable spectra were acquired from 2-unsubstituted 
examples. 	The h.f.s. of these spectra were too complex 
to be the result of a monomeric radical species (317) and, 
with the aid of computer simulation, it was concluded 




R 	 R 	R 
(317) 	 (318) 
R 	Ph, t-Bu 
Based on these and earlier results, the study concluded 
with a general scheme for the autoxidation of 1H-pyrrol- 
3(2H)-ones 6 ' 49 which was discussed in the Introduction 
(Section C, Scheme 19). 
The key species is the capto-dative 2-oxopyrrol-2-yl 
radical (317) which was never actually observed spectro-
scopically. 	However, the observation of the dimer 
D I 
radicals (318) provides indirect evidence for their 
existence since dirnerisation is a typical capto-dative 
process 6,49,51 
There is very little information in the literature 
concerning the oxidation of thiophen-3-ones but it appears 
that they are more stable than the analogous pyrrolones. 
A recent paper by Viehe showed how monomer radicals, 
like the 2-oxopyrrol-2-yl species (317) have been observed 
by hydrogen-abstraction from 2-monosubstituted thio-
phenones 50 . 	It was therefore of interest to study 2- 
unsubstituted thiophenones which could potentially give 
rise to dimeric species analogous to those observed in the 
pyrrolone series. 	Indeed, under almost identical con- 
ditions, u.v. irradiation of a range of .2-unsubstituted 
thiophenones gave intense spectra which, by analogy with 
the pyrrolone spectra and with the aid of computer 
simulations, were shown to be due to dimeric species (319) 
(Table 70). 
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Table 70: H.f.s. (Gauss) in e.s.r. spectra of dimeric 
species (319) 
Thiophenone T(K) H(OH) H(4,4') H(5,5') 	H(5-Sub 
stituent) 
(259) unsub. 330 1.55 0.60 3.90 	- 
(232) 5-SMe 290-320 1.33 0.66 - 	 0.7(x6) 
(280) 5-Ph 320-360 1.33 0.77 - 	 0.77(o,x4) 
0.31 (m,x4) 
0.4O(p,x2) 
(293) 5-p-t-Bu 320-360 1.33 0.77 - 	 0.77(o,x4) 
Ph 0.31 (m,x4) 
(330) 5-thienyl 340 1.36 1.08 - 	 1.12(x4) 
0.28(x2) 
The spectrum of the dimer (319; R=H) from the parent 
thiophenone (259) comprised of two hyperfine triplets and 
one doublet (Figure 320). 	These splittings are clearly 
consistent with the proposed structure since it contains 
two pairs of equivalent nuclei [11(4,4') and H(5,5')] and 
one unique proton (OH) . 	The assignment of the respective 
h.f.s. in Table 70 was achieved by carrying out several 
Jy 
lgwr, (320): E.i.r. 'psetrum of dims, rdjof derived from 
the parent thIophsn,e 
H. 
c, c 
figure (321): E.s.r. spectrum of m.nom.r radlool derived from the parent 
thiopliun105 
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experiments using substituted examples with the findings 
confirmed by computer simulation. 	Thus, irradiation of 
the 5-substit-uted examples [(232) , (280) , (293) and (330)1 
gave spectra which, although more complex because of 
splitting due to the additional substituent, could be 
resolved to show the absence of one of the hyperfine 
triplets present in the parent system (h.f.s. 3.9G). 
This must be the splitting due to H(5,5') and therefore 
enabled H(4,4') and H(5,5') to be differentiated. 	The 
deuteriated derivative (321) gave a spectrum in which the 
doublet h.f.s. of %0.7G was missing. 	This confirmed the 
assignment of the doublet h.f.s. to the chelated hydrogen 
atom in the dimer (323) . 	Finally, irradiation of the 
5-thiomethyl derivative (322) deuteriated in the 4-position 
resulted in the absence of the other hyperfine triplet 
(h.f.s. 	0.7G) 
D 
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As mentioned above, the spectra obtained from the 
5-substituted derivatives contained additional h.f.s. 
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The assignment of these splittings was achieved mainly 
by computer simulation however substituted examples 
were used in .two cases to simplify the spectra. 	Hence 
the 5-p-t-butylphenyl derivative (293) was used to 
confirm the h.f.s. of the benzene ring positions. 
Irradiation of the deuteriated 5-thiomethyl derivative 
(324) removed the quartet h.f.s. present in the fully 
protiated case (232) hence confirming the splitting 
assigned to the 5-substituent (Table 70) . 	The ring 
protons of the 5-thienyl group in (330) were never 
actually assigned however a good computer simulation was 
obtained using the values quoted in Table 70. 
Compared to the values obtained for the simplest 
49 
1-monosubstituted pyrrolone derivatives 6, , the 
corresponding splittings in the parent thiophenone are 
comparable although the value for the hydrogen-bonded 
proton is much larger (Table 71). 
Table 71: H.f.s. (Gauss) of dimers (319) derived from 
thiophenones c.f. pyrrolones. 
SUBSTRATE OH H(4,4 1 ) H(5,5 1 ) 
Thiophen-3(2H)-One 1.55 0.6 3.9 
1-Phenylpyrrol-3(2H)-one 0.55 0.85 4.85 
The largest h.f.s. in both cases is observed for H(5,5') 
representative of highest spin density at this position. 
This can be simply justified in both cases by a con-
sideration of the many possible resonance structures of 
the diners (Scheme 119). 
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As observed in the pyrrolone series 
6,49  an 
induction period of a few minutes after irradiation 
commenced was required before the spectrum could be 
observed. 	Similarly, after the light source was 
removed, the spectrum could be observed for a further 
few minutes. 	Hence the radicals derived from both 
thiophenones and pyrrolones are persistent with a half- 
life of many seconds. 	This persistence can also be 
explained by considering the number of resonance forms 
possible (Scheme 119). 
By more careful control of experimental conditions, 
monomer radical species (321), analogous to those reported 
by Viehe 50,  were observed for both 2-unsubstituted- and 
2-monosubstituted-thiophen-3(2H)-ones (Table 71). 
Irradiation at lower temperatures (210-260K) gave, after 
a similar induction period to that observed for the dimers, 
e.s.r. spectra which again persisted for some time 
(%1-2 mm.) after irradiation ceased. 	These observations 
are consistent with the ascribed capto-dative (c.d.) 
nature of these species. 
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Table 71: H.f.s. (Gauss) in e.s.r. spectra of 
monomeric species (321) 
R 	 R 
ThiophenOfle T(K) H(2) H(4) H(5) 	H(Substituent 
(259) 	unsub. 220--260 12.6 1.4 1.4 	- 
(262) 2-phenyl 	240 	- 	1.0 	1.0 	3.8(ox2) 
2.0 (mx2) 
4.8 (pxl) 
(232) 5-thiomethyl 230-290 14.2 	0.7 	- 	0.7(x3) 
(280) 5-phenyl 	 monomer not observed 
(330) 5-thienyl 	 monomer not observed 
The most important of these spectra is that of the 
parent thiophenone (259). 	The spectrum comprises three 
hyperfine doublets assigned easily without the assistance 
of computer simulation. 	The larger splitting is associated 
with H(2) consistent with the greatest spin-density at 
this positio (Figure 321). 	The similarity of the h.f.s. 
for 11(4) and H(S) imply an almost equal spin density at 
these positions. 








R XS R 
(250) R- Ph 
(293) R- p-t-butyl-Ph 
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monomer radicals wereonly observed for the 5-thiornethyl 
example (232) . 	The simple spectrum obtained was easily 
interpreted and gavevalues reasonably consistent with 
the unsubstituted derivative (259) (Table 71) . 	Even at 
low temperatures irradiation of the 5-aryl derivatives 
[(280) and (330)1 gave dimeric species only, perhaps 
explained by enhanced resonance stabilisation of the 
dimer (see Scheme 119 before) 
The h.f.s. values obtained for the 2-phenyl derivative 
(262) differ most noticeably from those reported for other 
2-substituted examples in that no difference is observed 
between splittings assigned to H(4) and H(5) 50 (Table 72). 
Table 72: H.f.s. (Gauss) data for monomer radicals 
derived from 2-substituted thiophenones. 
SUBSTRATE 11(4) 11(5) 
(262) 	2-Ph 1.0 1.0 
2-Me so 1.05 1.85 
2-CO 2Me 50 0.63 2.13 
b I 
Changes in experimental conditions, especially 
temperature, are likely to be a contributing factor. 
Indeed h.f.s. values for the parent unsubstituted thio-
phenone (259) changed noticeably at higher temperature. 
Hence the data for (322) and (323), recorded at 298K 50 , 
are perhaps not directly comparable with the 2-phenyl 
derivative (262) irradiated at 240K. 
Although several attempts were made, no thiophenone 
oxidation products could be isolated. 	However the e.s.r. 
evidence for the formation of both monomeric and dimeric 
radical species suggests that the initial steps for the 
autoxidation of Lhiophenones are the same as those proposed 
in the general scheme for the oxidation of the pyrrolones 
(see Section C, Scheme 19 of the Introduction) 
In view of being able to observe thiophenone monomer 
radical species further attempts were made to observe the 
analogous pyrrolone species. 	However no spectra were 
obtained at all at lower temperatures and raising the 
temperature slowly only gave dimeric species. 	Attempts 
to extend the series to include furan-3-ones using the 
5-phenyl derivative, also failed. 	Poor solubility and 
the less acidic methylene group were thought to be the 
main reasons for the failure. 	However further investigation 
using different experimental conditions would be merited 
since analogous 2-substituted species have been reported 50 
H. 	PRODIGIOSIN ANALOGUES 
Prodigiosin (324) , a red pigment first isolated 
from Serratia marcesceus, has well known antimicrobial 
and cytotoxic properties. 	Historically attempts to 
prepare prodigiosin or synthetic analogues have been 
hindered by the sensitivity of the oxygenated pyrrole 
moieties (ring B) and the difficulty of preparing 






4c2 5 ; I ,/. 
H H 
(324) 
The compound was first prepared by Rapoport whose 
approach, although lengthy, involved simple chemistry 
utilizing electron-withdrawing ester functionalities to 
both stabilise the alkoxypyrrole and activate subsequent 
140 
transformations 	. 	More recently two total syntheses 
have appeared which use more elegant chemical manipulation 
in the synthesis of the key a-a' methoxybipyrrole unit 
(325) . 	Boger's approach utilizes an inverse electron 
demand cycloaddition step in the preparation of the 
alkoxypyrrole segment (ring B) followed by an intramolecular 
MW 
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palladium(II) promoted a-al-coupling for construction 
141 
of the bipyrrole AS ring system 	(Scheme 120). 
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Scheme 120 
The approach of Wasserman 142 , in a very low yielding 
multi-step sequence, hinges on the addition of a primary 
amine to an alkenyl vicinal tricarbonyl (326) which gives 
5-substituted-3-hydroxypyrroles (327) after deprotection. 
The subsequent reduction and coupling steps are the same 
as those used by Boger (Scheme 121). 
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As well as being difficult to synthesise proigiosin 
itself is highly toxic 
147 and consequently there has 
been considerable activity concerned with preparing 
analogues. 	Two accounts have appeared recently where 
a series of analogues had been prepared without the 6- 
methoxy 
141,143 
substituent . 	 Although some of these 
compounds had interesting pharmacological properties, all 
of these derivatives were vcid of cytotoxic activity. 
Investigations have also been carried out where the 
pyrrole ring A is replaced by other aryl substituents. 
Similarly variation of the alkyl chains on ring C has 
144,145,146 been carried out 
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As previously discussed, the use of f.v.p. avoids 
many of the problems involved in the synthesis of - 
oxygenated pyrroles and thiophenes. 	Subsequent regio- 
specific O-alkylation of these species meant that the 
central 3-methoxy unit (ring B) of a prodigiosin analogue 
was accessible via this route (Scheme 122) 
0 	0 




X - S or 
Scheme 122 
Results detailed earlier also showed how a 5-substituent 
can be incorporated at the pyrolysis stage (Scheme 122; 
R=alkyl or aryl). 	The desired extension to this method- 
ology towards prodigiosin analogues required incorporation 
of a heterocycle as ring A. 	Thus treatment of his- 
(thiomethyl)methylene Meldrum's acid with 2-thienyl-
magnesium bromide in THF gives (328, 80%) which can be 
transformed into the dimethylaminomethylene derivative 
(329, 65%) simply by reacting (328) with dimethylamine 
in acetonitrile solution (Scheme 123) 
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Scheme 123 
Flash vacuum pyrolysis of (328) and (329) gives the 
5-thienyithiophenone (330, 76%) or corresponding 1-
methylpyrrolone (331, 70%). 	The thiophenone (330) 
is a highly crystalline stable solid which could be 
handled easily at room temperature, however the pyrrolone 
(331) was very unstable, either in solution or as the 
neat material and was normally committed to the sub-
sequent step without purification. 	Alkylation of both 
(330) and (331) under the previously described standard 
conditions (i.e. NaH/MeOTs/DNI) gives both ethers (332) 
and (333) in 90% yield (Scheme 123); the methoxypyrrole 
(333) was air sensitive and was taken on directly to the 
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next stage in the same way as its precursor. 
As predicted on the basis of earlier results [see 
part (c) - Formylation], formylation of both (332) and 
(333) occurs specifically at the 2-position due to the 
enhanced reactivity of this ct-position by the conjuga-
tive electron-donating methoxy substituent; both (334) 
and (335) are obtained in 75% yield. 	The final coupling 
step was carried out using standard conditions prescribed 
by van Koeveringe 148 using kryptopyrrole (2,4-dimethyl-
3-ethylpyrrole) (336) as the model 2-unsubstituted 
pyrrole (Scheme 124) 
0,. 
DI F 



















Thus, adding phosphoryl chloride to a solution of the 
respective 2-formyl derivative and kryptopyrrole in 
n-pentane gives the prodigiosin analogues (337, 72%) 
and (338, 68%) as their hydrodichiorophosphate salts. 
The overall yields for the 5-6 step synthesis are 
therefore 30% and 17% respectively. 
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The successful synthesis of (337) and (338) proved 
the synthetic viability of this route. 	The relatively 
high overall yield and potential flexibility of the 
synthesis makes it a highly appealing pathway to other 
prodigiosin analogues. 	The possibility of varying rings 
A and B by this route has been highlighted by (337) in 
which both rings are based on thiophene and the potential 
for further variation of ring A would appear only to be 
restricted by the availability of the necessary Grignard 
precursors. 	Ultimately this means that rings A, B and 
C could be varied since the final coupling step is 
relatively straightforward.and has been reported many 
times in the literature for a large number of pyrrole 
derivatives. 	Finally synthesis of the prodigiosin 
natural products themselves (324) is dependent on the 
development of a successful protecting group strategy 
for the pyrolytic preparation of N-unsubstituted pyrrol- 
3-ones. 	This synthesis nevertheless is an important 
development in prodigiosin analogue synthesis since it 
represents the first synthesis with a heterocycle other 
than pyrrole for ring B. 
The results of an X-ray crystal structure determina-
tion of the prodigiosin analogue (338) are shown in 
Figure (338) and Tables 72-74. 	The data show that the 
three rings are almost coplanar ith rings A and B 
orientated in the same direction despite possible steric 
interactions. 	This contrasts with results from work 
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(338) 
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Table 72: Bond Lengths(.) with standard deviations 
S(1A) -C(2A) 1.7141(24) 0(3) - 	 C(3) 1.440( 3) 
S(IA) -C(5A) 1.702( 3) C(4B) -C(5B) 1.396( 3) 
C(2A) -C(3A) 1.379( 3) C(1') -C(5C) 1.392( 3) 
'C(2A) -C(5B) 1.455( 3) N(1C) -C(2C) 1.343( 3) 
C(3A) -C(4A) 1.406(  N(1C) -C(5C) 1.384( 3) 
C(4A) -C(5A) 1.338(  C(2C) - C(2) 1.487( 3) 
N(1B) - 	 C(1) 1.464( 3) C(2C) -C(3C) 1.401( 3) 
N(1B) -C(2B) 1.404( 3) C(3C) -C(31) 1.502( 3) 
N(1B) -C(53) 1.356( 3) C(3C) -C(4C) 1.382( 3) 
C(23) -C(3B) 1.423( 3) C(31) -C(32) 1.509( 4) 
C(2B) -C(1") 1.389( 3) C(4C) - C(4) 1.495( 3) 
C(3B) - 	 0(3) 1.3431(25) C(4C) -C(5C) 1.427( 3) 
C(3B) -C(4B) 1.372(3) 
Table 73: Angles(degrees) with standard deviations 
C(2A) -S(1A) -C(5A) 92.38(12) C(2A) -C(5B) -(1B) 127.90(18) 
S(1A) -C(2A) -C(3A) 109.61(16) C(2A) -C(5B) -C(4B) 123.06(18) 
S(1A) -C(2A) -C(5B) 127.19(16) N(1B) -C(53) -C(4B) 109.04(18) 
C(3A) -C(2A) -C(5B) 123.17(19) C(23) -C(1) -C(5C) 133.18(19) 
C(2A) -C(3A) -C(4A) 113.26(20) C(2C) -N(IC) -C(5C) 109.60(18) 
C(3A) -C(4A) -C(5A) 112.62(22) N(1C) -C(2C) - 	 C(2) 122.35(19) 
S(1A) -C(5A) -C(4A) 112.12(20) N(1C) -C(2C) -C(3C) 109.07(18) 
C(I) -N(1B) -C(2B) 122.42(17) C(2) -C(2C) -C(3C) 128.54(20) 
C(1) -N(1B) -C(5B) 127.71(18) C(2C) -C(3C)  125.21(19) 
C(2B) -N(1B) -C(53) 109.44(17) C(2C) -C(3C) -C(4C) 107.32(19) 
N(1B) -C(2B) -C(3B) 105.09(16) C(31) -C(3C) -C(4C) 127.42(20) 
N(IB) -C(2B) -C(1") 121.28(18) C(3C) -C(31)  112.60(20) 
C(3B) -C(2B) -C(1") 133.63(19) C(3C) -C(4C) -C(4) 127.26(19) 
C(23) -C(3B) -0(3) 121.75(18) C(3C) -C(4C) -C(5C) 107.51(18) 
C(2B) -C(3B) -C(4B) 109.21(17) C(4) -C(4C) -C(5C) 125.16(19) 
0(3) -C(3B) -C(4B) 129.04(18) C(1') -C(5C) -(1C) 129.19(19) 
C(3B) - 0(3) - 	 C(3) 115.13(17) C(1') -C(5C) -C(4C) 124.29(19) 
C(3B) -C(4B) -C(5B) 107.21(18) N(1C) -C(5C) -C(4C) 106.45(17) 
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Table 74: 	Torsion angles(degrees) with standard deviations 
C(5A) -S(1A) -C(2A) -C(JA) 	-0.65(18) 
C(5A) -S(1A) -C(2A) -C(5B) -178.73(20) 
C(2A) -S(IA) -C(5A) -C(4A) 	0.94(21) 
S(IA) -C(2A) -C(3A) -C(4A) 0.24(25) 
C(5B) -C(2A) -C(3A) -C(4A) 178.41(20) 
S(IA) -C(2A) -C(5B) -N(IB) 	-13.7( 3) 
S(IA) -C(2A) -C(5B) -C(4B) 	166.16(17) 
C(3A) -C(2A) -C(5B) -N(1B) 	168.47(21) 
C(3A) -C(2A) -C(53) -C(4B) -11.7( 3) 
C(2A) -C(3A) -C(4A) -C(SA) 	0.5( 3) 
C(3A) -C(4A) -C(5A) -S(1A) -1.0( 3) 
C(1) -N(1B) -C(23) -C(3B) -173.65(18) 
C(1) -N(1B) -C(2B) -C(1') 	6.7( 3) 
C(5B) -'1(1B) -C(23) -C(3B) -0.60(21) 
C(5B) -I(1B) -C(2B) -C(1") 	179.76(19) 
C(1) -1(1B) -C(5B) -C(2A) -6.7( 3) 
C(l) -N(1B) -C(58) -C(48) 173.45(19) 
C(2B) -M(IB) -C(5B) -C(2A) -179.26(20) 
C(2B) -1(1B) -C(5B) -C(4B) 0.87(23) 
N(1B) -C(2B) -C(3B) - 0(3) -179.52(18) 
(1B) -C(28) -C(3B) -C(4B) 	0.14(22) 
C(1) -C(2B) -C(3B) - 0(3) 0.0( 4) 
C(1") -C(2B) -C(3B) -C(4B) 179.66(22) 
N(1B) -C(2B) -C(1) -C(SC) -176.9(21) 
C(38) -C(28) -C(1) -C(5C) 3.5( 4) 
C(2B) -C(38) - 0(3) - C(3) -177.25(19) 
C(48) -C(3B) - 0(3) - C(3) 	3.2( 3) 
C(2B) -C(3B) -C(4B) -C(5B) 0.40(23) 
0(3) -C(3B) -C(4B) -C(5B) 	179.94(20) 
C(33) -C(48) -C(5B) -C(2A) 179.34(19) 
'C(3B) -C(4B) -C(58) -N(IB) 	-0.79(23) 
C(2B) -C(1") -C(5C) -N(IC) -2.1( 4) 
C(2B) -C(1') -C(5C) -C(4C) 	174.41(22) 
C(5C) -N(IC) -C(2C) - C(2) -176.64(19) 
C(5C) -N(1C) -C(2C) -C(3C) 	1.68(24) 
C(2C) -N(IC) -C(5C) -C(1') 	175.13(21) 
C(2C) -N(IC) -C(5C) -C(4C) -1.89(23) 
N(1C) -C(2C) -C(3C) -C(31) -178.59(20) 
N(1C) -C(2C) -C(3C) -C(4C) 	-0.78(25) 
C(2) -C(2C) -C(3C) -C(31) -0.4( 4) 
C(2) -C(2C) -C(3C) -C(4C) 	177.41(21) 
C(2C) -C(3C) -C(31) -C(32) 	103.2( 3) 
C(4C) -C(3C) -C(31) -C(32) -74.2( 3) 
C(2C) -C(3C) -C(4C) - C(4) -177.77(20) 
C(2C) -C(3C) -C(4C) -C(5C) 	-0.40(24) 
C(31) -C(3C) -C(4C) - C(4) -0.1( 4) 
C(31) -C(3C) -C(4C) -C(5C) 	177.36(21) 
C(3C) -C(4C) -C(5C) -C(1) -175.83(20) 
C(3C) -C(4C) -C(5C) -N(1C) 	1.38(23) 
C(4) -C(4C) -C(5C) -C(III) 1.6( 3) 
C(4) -C(4C) -C(5C)-N(1c) 	178.82(19) 
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torsion angle of around 31.3-34.2 ° could be expected 
in such a system 149. 	The reason why such a 'twist' is 
not observed in (338) is perhaps due to resonance 
stabilisation of the cation which will be maximised if 
all three rings are co-planar. 	The configuration of 
the methoxy group is particularly interesting allowing 
an almost planar 7-membered ring hydrogen-bond with the 
pyrrole NH of ring C. 	It is possible that the configura- 
tion of the rings defined by hydrogen-bonding in this 
way may be connected with the biological activity of 
prodigiosins, which is known to be dependent on the 
presence of the 6-methoxy ring substituent 143 . 
The extent of delocalisation in the methoxypyrrole 
ring B of (338) can be appreciated if the crystal struc-
ture of (338) is compared with that of the 1-t-butyl-2-
























The significant lengthening of C(4B)-C(5B) and C(2B)-
C(3B) combined with the considerable shortening of 
C(3B)-C(4B), C(2B)-C(1 ") and C(3B)-0(3) are consistent 
with there being extensive delocalisation of the 
cationic charge throughout the n-system including the 
lone-pairs of the 3-methoxy substituent. 	Interestingly 
the N(1B)-C(2B) and N(1B)-C(5B) bonds are not shortened 
significantly which suggests that the nitrogen lone-pair 
is involved to a lesser extent in the delocalisation of 
the cationic centre. 	This implies that the electronic 
distribution in the prodigiosin analogue is perhaps best 






There are no significant differences in bond angles 
between the central methoxypyrrole in (338) and the 
1-t-butyl-2-phenyl derivative except around C-2B[C-2 ] 
where steric constraints make the systems incompatible. 
E X P E R I Ii E N T A L 
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ABBREVIATIONS 
n.m.r. nuclear magnetic resonance 
e.s.r. electron spin resonance 
g.c. gas chromatography 
g.c./rn.s. gas chromatography/mass spectrometry 









q quartet 	('H spectra) 
quaternary 	( 13 C spectra) 
sept septet 
M multiplet 
rn/a mass to charge ratio 
F.A.B. fast atom bombardment mass spectrometry 








M.P. 	melting point 
b.p. 	boiling point 
T 	
furnace temperature 
T 	 inlet temperature 
P 	 pressure 
* 
P 	 pressure using diffusion pump 
t 	 time of pyrolysis (for ca.10 mmol) 
MUM 
A. INSTRUMENTATION AND GENERAL TECHNIQUES 
MASS SPECTROMETRY 
Mass spectra were carried out by Miss E. Stevenson 
on an A.E.I. MS902 spectrometer and Mr. A. Thomson on a 
Kratos MS50 TC instrument. 
NUCLEAR MAGNETIC RESONANCE SPECTPD.SCOPY 
-- 1 H n.m.r. spectra were recorded on Brfiker WH360 
(360MHz), WP200 (200MHz) or WP80 (80MHz) spectrometers. 
13 n.m.r. spectra were obtained from Brüker 
WH360 (90MHz) or WP200 (50MHz) instruments. 
The WH360 was operated by Dr. D. Reed; the WP200 
by Dr. H. McNab, Miss H. Grant, and Mr. J. Millar, and 
the WP80 by Dr. B. McNab and Miss H. Grant. 
Spectra were recorded in [ 2 H]chloroform, unless 
otherwise stated. 	Chemical shifts 	and 	are 
given in parts per million (p.p.m.), relative to 
tetramethylsilane. 
ELECTRON SPIN RESONANCE 
E.s.r. spectra were recorded by Dr. J. Walton 
(University of St. Andrews) on a Brüker ER200D, X-Band 
instrument. 	Photolysis was carried out in the cavity 
of the instrument using a 500W super-pressure mercury 
arc to generate the irradiation. 
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OPTICAL ACTIVITY 
Enantiorneric excess (e.e.) was determined on a 
Perkin Elmer 141 Polarimeter; the solvent used is 
indicated. 
STRUCTURE DETERMINATION 
X-Ray crystal structural data were collected and 
solved by Dr. A. Blake on a Nonius CAD-4 diffractometer, 
with graphite monochrorrator. 
ELEMENTAL ANALYSIS 
Microanalyses were carried out on a Carbo-Erba 
Elemental Analyser, Model 1106, by Mrs'. E. McDougall 
and, latterly, by Mr. P. Hencher. 
ULTRA-VIOLET SPECTROSCOPY 
U.V. spectra were recorded on a Unicam SP800A 
spectrometer; the solvent used is indicated. 
INFRA-RED SPECTROSCOPY 
I.r. spectra were obtained as liquid films or 
nujol mulls on a Perkin Elmer 781 spectrometer. 
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CHROMATOGRAPHY 
Dry flash chromatography was carried out on silica 
gel (Merk, grade 60, 230-400 mesh) according to the 
150 
method of Harwood 	. 	Ethyl acetate and n-hexQne 
was a frequently used solvent system with 10% increments 
in the polar component per fraction. 	Loading of the 
crude material was occasionally a problem because of 
insolubility. 	This problem was overcome by using a few 
drops of methylene chloride to load the material and then 
flushing the column through with the least polar solvent 
to remove the methylene chloride. 	A small filter paper 
was then usually placed on the top of the column to 
prevent perturbation of the silica surface whilst solvent 
fractions were being added. 
Wet flash chromatography was carried out on silica 
gel (Merck, grade 60, 230-400 mesh) or Type H alumina, 
deactivated by 6% water, supplied by Laporte Industries. 
T.l.c. was carried out on pre-coated plastic sheets 
(0.25 mm silica gel or 0.2 mm alumina) impregnated with 
U.V. indicator supplied by Machery-Nagel. 
Qualitative gas-liquid chromatography was carried 
out on a Carlo-Erba Strumentazione Fractovop 2450 
instrument. 	The stationary phase was either 5% SE30 or 
5% Carbowax, both supported on Gas-Chrom (80-100 mesh) 
and packed in 1 . 5 m x 4.5 mm columns. 	The instrument 
was fitted with a flame ionisation detector and nitrogen 
was used as the carried gas. 
SOLVENTS 
Solvents used for chromatography were normally 
distilled through a rotary evaporator. 	However, most 
commercially available solvents were used without 
purification. 	Pyridine and dimethyl formamide were 
dried over molecular sieve. 	Ether was dried by dis- 
tillation from lithium aluminium hydride. 	Tetrahydro- 
furan was dried by distillation from calcium hydride. 
Acetic anhydride was dried over magnesium and stored 
under nitrogen. 
B. 	PYROLYSIS APPARATUS AND METHOD 
The apparatus used for flash vacuum pyrolysis 
(f.v.p.) is illustrated in Figure (A ), and is based on 
the design of W.D. Crow of the Australian National 
University. 
Experiments involve the volatilisation of the 
substrate, under vacuum, in the inlet port of the apparatus. 
A glass Btichi Kigelrohr oven is normally used for 
volatilisation (T. = 100200 ° C) but when higher inlet 
temperatures are required (T. >200 ° C) then a metal 
equivalent is used. 	The substrate then passes through 
a silica tube (30x2.5 cm) which is heated by a Stanton 
Redcroft laboratory tube furnace. 	The temperature of 
the furnace is monitored by a platinum/platinum 13% 
rhodium thermocouple. The estimated contact time in the 
A 
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hot zone is 1-10 milliseconds. 	The product(s) formed 
are collected at the exit of the furnace in a glass 
trap cooled in liquid nitrogen. 
With less volatile substrates the use of higher 
inlet temperatures (T >200 ° C) can cause decomposition 
of the precursor, especially during larger scale pyrolyses. 
The solution to this problem was to use lower pressures. 
This was achieved by incorporating a mercury diffusion 
pump into the vacuum line, working in series with the 
Edwards Model ED100 high capacity oil pump [Figure (B )]. 
-4 	-5 
This improved the vacuum to typically 10 -10 Torr from 
10 2 -10 3Torr. 	Pressure measurements were made using 
an Edwards High Vacuum Vacustat (1-10 3Torr) in conjunc-
tion with an Edwards Penning Type 8 gauge (10 2 -10 7Torr), 
attached to the system via an Edwards Penning Type 6 head. 
Both instruments were situated at a point between the trap 
and the pump. 	The improved vacuum decreased the required 
volatilisation temperature by typically 15-25 ° C giving 
10-15% improvement in yields, enhanced reaction times and 
cleaner products. 	This enabled much larger scale 
pyrolyses (5-10 g) to be carried out with minimal 
decomposition. 
The product(s) formed were normally of high purity 
and could be scraped out of the trap, when solids, or 
washed from the trap with solvent. 	Purificati.on and 
subsequent manipulation of the products are detailed in 
the following chapters. 
Pilot scale pyrolyses using 50-100 mg of substrate 
ME 
were normally investigated using 1H n.m.r. spectroscopy 
by dissolving the whole pyrolysate in a deuterated 
solvent. 
C. 	PREPARATION OF 1H-PYRROL-3(2H) -ONES AND 
3 -ALKOXYPYRROLES 
PREPARATION OF 5-AMINOMETHYLENE-2, 2-DIMETHYL--1 , 3-
DIOXANE-4,6-DIONES 
During the course of this research project many 
known 5-aminomethylene-derivatives were prepared using 
the following general method4.' 6 . 
To a stirred solution of 2,2-dimethyl-5-methoxy-
methylene-1,3-dioxane-4,6-diOfle 130 (10 mmol) in aceto- 
* 
nitrile (20 ml) was added the appropriate secondary amine 
(11 mmol) 	After stirring at room temperature for 30 
minutes the product was obtained as a precipitate or by 
removal of the solvent. 
The following new 5-aminomethylene-derivatives were 
synthesised by this procedure, the amine used is indicated 
for each example: 5-(N-benzyl-N-t-hutyl-), ( N-berizyl-N-t-
butylamine) (99%) m.p.180-182 ° C (from ethanol) (Found: 
C, 67.9; 	H, 7.3; N, 4.4. C 18H 23N0 4 requires C, 68.1; 
H, 7.25; 	N, 4.4%) 	8.43 (1H,$) , 7.23-6.99 (5H,m) 
(* All amines used were commercially available) 
290 
5.20 (2H,$), 1.53 (9H,$), and 1.04 (6H,$); 	SC  (2 
carbonyls not observed), 154.46; 134.47 (q), 128.58, 
127.32, 126.81, 102.39 (q) , 86.70 (q) , 63.96 (q), 51.44, 
28.81, and 25.49; 	ln/z 317 (M.<1%), 259(100), 203(79), 
202 (46) , 175 (30) , 174(35) , 159 (20) , 158 (78) , and 91(75) 
:5-(N-benzyl-N-ethoxycarbonylmethylene), (N-benzylglycine 
ethyl ester) (75%) m.p.88-89°C (from ethanol) 	(Found: 
C, 62.0; H, 6.1; N, 4.15. 	C18H2 1 N06 requires C, 62.2; 
H, 6.05; N, 4.05%); 6 (2 rotamers present - only major 
quoted) , 8.24 (1H,$) , 7.27-7.14 (5H,m) , 4.63 (2H,$) 
4.47 (2H, s), 4.02 (2H, q, 3 J 7.1Hz), 1.55 (6H,$), and 
1.09 (3H, t, 3 J 7.1Hz); 6 	 (major rotamer - two peaks 
superimposed), 166.80 (q) , 159.59, 132.70 (q) , 128.73, 
128.38 (q), 127.90, 102.53 (q), 86.12 (q), 64.37, 61.18, 
52.53, 26.06, and 13.51; 	in/z 289(17%), 271(39), 216(17), 
92(12) and 91(100) (M not detected). 
For the substrate derived from sarcosine methyl ester, 
the method had to be adapted slightly since the amine was 
only available as its hydrochloride salt. 
To a stirred suspension of sarcosine methyl ester 
hydrochloride (11 mrnol) in acetonitrile (20 ml) was added 
sodium hydride (12 mmol) followed by a solution of 
2, 2-dimethyl-5-methoxymethylene-1 ,3-dioxane-4,6-dione 
(10 mmol) in acetonitrile (5 ml) . 	The reaction was then 
stirred at room temperature for 4 hours during which time 
some precipitation had occurred. 	Water (20 ml) was then 
added to the reaction mixture and the stirring was 
continued for a further 15 minutes. 	The organic layer 
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was then separated and the aqueous layer was extracted 
with methylene chloride (3x25 ml) . 	The combined 
organic layers were then sequentially washed with sodium 
hydroxide solution (2M, 25 ml) and water (25 ml) before 
being dried (MgSO 4 ). 	Removal of solvent under reduced 
pressure gave the product as a crystalline solid, (60%) 
m.p. 180-182 ° C (from ethanol) (Found: C, 51.3; H, 5.9; 
N, 5.35. C 11 H 15N0 6 requires C, 51.4; H, 5.85; N, 5.45%); 
(2 rotamers present - major quoted first), 8.12 (1H,$), 
4.58 (2H,$) , 3.76 (3H,$) , 3.42 (3H,$) , and 1.65 (6H,$) 
(minor rotamer) 8.02 (1H,$), 4.21 (2H,$), 3.79 (3H,$), 
3.32 (3H,$), and 1.70 (6H,$); 	6 	 (2 rotamers present - 
major first) , 167.20 (q) , 165.60 (q) , 161.42 (q) , 160.62, 
103.00 (q), 85.86 (q), 55.86 / 52.48, 48.63, and 26.44; 
(minor rotamer) (2 quaternaries undetected) , 167.70, 
161.07 (q), 103.00 (q) (superimposed), 86.02 (q), 61.03, 
52.85, 43.12, and 26.53; 	m/z 257 (M, <1%), 199(26), 
155(14), 140(56), 123(20), 112(11), and 96(100). 
PYROLYSES OF 5-AMINOMETHYLENE-2, 2-DIMETHYL-1 , 3-DIOXANE-
4, 6-DIONES 
Pyrolysis of 5-aminomethylene-2,2-dimethyl-1 ,3-
dioxane-4,6-dione derivatives provides a synthetic route 
to 1H-pyrrol-3 (2H)-ones (3-hydroxypyrroles) 4,6 
Under otherwise identical conditions, the yields of some 
of these pyrolyses were improved by the incorporation of 
a mercury diffusion pump into the pyrolysis apparatus. 
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This provided a better operating vacuum and hence lower 
inlet temperatures were required, thus reducing the 
possibility of decomposition. 
The pyrolysis products were normally washed from 
the trap with acetone and, after removal of solvent 
in vacuo, purified by bulb-to-bulb '(Ktlgelrohr)distilla-
tion. 
The following novel 1H-pyrrol-3(2H)-ofles (3-
hydroxypyrroles) were prepared by pyrolysis, the precursor 
substrate and pyrolysis conditions are shown in parentheses. 
1-t-butyl-2-phenyl, [5-(N-benzyl-N-t-butyl-) , T  600 ° C, 
T. 185 ° C, p * 2x10
.. 4 Torr, t 1 hour] (78%) .b.p. 184-186 ° C 
(0.5Torr) (Found: 	C, 78.0; 	H, 8.1; N, 6.45. C 14 H 17N0 
requires C, 78.1; 	H, 7.9; 	N, 6.5%); 	5H 8.19 (1H, d of d, 
Y 3.5 and J 0.4Hz), 7.31-7.17 (511,m), 5.11 (1H, d, 
3 J 3.5Hz), 4.52 (11I,br.$) and 1.20 (9H,$) ; 	6 	 200.90 (q) 
165.03, 136.74 (q), 128.53, 127.49, 126.59, 97.81, 68.91, 
56.35 (q) , and 29.06; 	m/z 215 (M, 37%), 159(67), 158(100), 
131 (12), 130(28), 105(15), 104(29), 103(18), 86(27), 
84 (41) , and 77(34): ethyl 2-benzyl-3-hydroxypyrrole-2 
carboxylate [5- (N_benzyl-N-ethoxycarbOnyliflethylefle), 
T  600 ° C, T. 200°C, p 10 3Torr, t 1 hour] (30%)*, decomposed 
on attempted distillation, (Found 1 M 245.1046. 
C 14 H 15NO3 requires M 245.1052);6 (OH undetected) 7.34-
7.00 (5H,m), 6.66 (1H, d, 3 J 3.0Hz) , 5.82 (111, d, 	J 
3.0Hz), 5.29 (2H,$), 4.25 (2H, q, 3J 7.1Hz), and 1.21 
(*estimated yield from n.rn.r. using internal standard) 
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(3H, t, 3 J 7.1Hz) ; 	6 	162.52 (q) , 155.85 (q) , 138.21 
(q), 128.30, 127.86, 127.28, 126.24, 105.78 (q), 96.59, 
59.81, 52.84, and 14.18; 	m/z 245 (M', 24%), 200(10), 
199(19), and 91(100): methyl 1-methyl-3-hydroxypyrrole 
2-carboxylate, [5-(N-rnethoxycarbonylmethylene-N-methyl), 
T  650 ° C, T. 200°C, p lxlO 3Torr, t 1 hour] (40%) 
b.p. 95-97 °C (0.lTorr) (Found: C, 54.4; 	H, 5.95; N, 9.3. 
C 7H 9NO 3 requires C, 54.2; H, 5.8; N, 9.05%) 	9.80 
(1H,br.$) , 6.48 (1H, d, 3 J 2.911z), 5.68 (111, d, 3 J 2.9Hz), 
3.84 (3H,$) , and 3.69 (3H,$) ; 	5 	162.97 (q) , 155.24 (q) 
128.02, 106.11 (q), 95.53, 50.70 and 37.02: 	m/z 155 
(M, 65%), 124(29), 123(100), 95(36), and 67(47). 
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O-ALKYLATION OF 1H-PYRROL-3 (2H) -ONES 
Preparation of p-toluenesulphonyl esters 151 
Tosyl chloride (11 g, 50 mmol) was dissolved in 
dry pyridine (44 ml) and then the solution was cooled 
to -10 ° C. 	The appropriate alcohol (55 mmol) was then 
added with cooling (the temperature rose to -5 °C after 
1-2 minutes then fell back to -10'C). Crystallisation 
then occurred after a further 5-7 minutes. 	Sulphuric 
acid (125 ml, 2M, 0 ° C) was then added rapidly with cooling 
(the temperature rose to 30 ° C and the crystals dissolved) 
On cooling to 0 ° C the product crystallised out. 	The 
product was then filtered, thoroughly washed with water 
and dried (in vacuo) 
The following derivatives were prepared in this 
way: ethyl p-toluenesulphonate (73%), m.p.28-30 ° C (lit 1 
29-31 0C); benzyl p-toluenesulphonate (15%), m.p.53-55 ° C 
(lit) 51 55 ° C); 	[ 2H3]methyl p-toluenesulphonate (80%). 
3 -ALKOXYPYRROLES 
To a stirred suspension of sodium hydride (50% 
dispersion in oil, 144 mg, 3 mmol - washed three times 
with n-hexane and dried at 0.1 Torr) in dimethylimidãzo-
lidinone (DM1) (10 ml) was added the appropriate py:rolone 
(1 rnmol) in DM1 (2-3 ml) under a stream of dry nitrogen. 
A solution of the required alkyl p-toluenesulphonate (1 
mmol) in DM1 (2 ml) was then added dropwise and the 
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stirring was continued at room temperature for 1 hour. 
The reaction mixture was then quenched in ethanol/water 
(20 ml) (1:1) and extracted with ether (3x25 ml). 	The 
combined organic phases were then back-washed with 
water (3x50 ml), dried (MgSO 4 ), and the solvent was 
evaporated under reduced pressure. 
The following 3-alkoxypyrroles were prepared, the 
preceding pyrrolone and alkyl p-toluenesulphonate used 
are indicated: 3-methoxy-1-phenyl (1-phenyl, methyl 
p-toluenesulphonate) (80%), m.p.27-29 ° C (Found: C, 76.0; 
H, 6.45; N, 8.1. C 11 H 11 N0 requires C, 76.3; H, 6.35; 
N, 8.1%); 	6 H 7.45-7.20 (5H,m), 6.95 (lI-I, d of d, 
3 J 3.1 Hz and 4 j.2.4 Hz), 6.67 (1H, d of d, J 2.0 and 
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2.4 Hz), 6.05 (1H, d of d, 	J3.1 Hz and J 2.0 Hz), 
and 3.77 (3H,$); 	5C 150.75 (q), 140.77 (q), 129.35, 
124.82, 119.36, 116.98, 100.78, 100.27, and 57.69; 
m/z 173 (M, 100), 159(13), 158(92), 111(20), 104(41), 
97(32), 85(25), and 83(24): 	3-ethoxy-1-phenyl 	(1-phenyl, 
ethyl p-toluenesulphonate) (65%) , b.p. 145-147 ° C (0.3 
Torr) (Found: C, 77.3; H, 7.2; N, 7.35. C 12H 13N0 requires 
C, 77.0; H, 6.95; N, 7.5%); 	5H 7.38-7.16 (5H,m), 6.88 
(1H, d of d, 3 J 2.5 Hz and J 1.9 Hz), 6.65 (1H, d of d, 
J 1.9 and 2.3 Hz), 6.03 (1H, d of d, 3 J 2.5 Hz and 
J 2.3 Hz), 3.95 (2H, q, 3 J 7.0 Hz), and 1.38 (3M, t, 
3 J 7. 	Hz); 	6 	149.50 (q), 140.78 (q), 129.34, 124.77, 
119.36, 116.83, 101.42, 100.65, 65.99, and 14.83; 	m/z 
these compounds have previously been reported as 
partial mixtures 6) 
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187 (Mt , 100%),159(46), 158(93), 104(33), and 77(46): 
3-benzyloxy-1-phenyl (1-phenyl, benzyl p-toluenesulphonate) 
(75%), m.p. 76-78 ° C (from n-hexane) (Found: C, 81.9; 
H, 6.0; N, 5.6. 	C17H 15N0 requires C, 81.9; H, 6.0; N, 
5.6%); 	6 H 7.47-7.14 (101i,m), 6.89 (1H, d of d, 3 J 3.1 
Hz and J 2.4 Hz), 6.70 (1H, d of d, 4 J 2.4 and 2.1 Hz), 
6.10 (1H, d of d, 3 J 3.1 Hz and J 2.1 Hz), and 4.97 (2H, 
S); 	(SC 149.57 (q), 140.80 (q), 137.47 (q), 129.38, 128.36, 
127.73, 127.48, 124.91, 119.51, 116.90, 102.09, 100.94, 
and 72.74; 	m/z 249 (M, 40%), 158(100), and 77(35): 
1-t-hutyl-3-methoxy (1-t-butyl, methyl p-toluenesulphonate) 
(80%) b.p. 150-152 ° C (0.4 Torr) (Found: 	C., 69.7; H, 10.0; 
N, 9.1. C 9 H 15NO. 0.1H 20. requires C, 69.8; H, 9.85; 
N, 9.05%); 	H 6.58 (1H, d of d, 3 J 3.0 Hz and J 2.7 Hz), 
6.38 (1H, d of d, 	J 2.1 and 2.7 Hz), 5.82 (1H, d of d, 
J 3.0 Hz and 4  J 2.1 Hz), 3.71 (3H,$), and 1.48 (9H,$); 
148.39 (q), 114.99, 99.77, 95.83, 57.61, 54.45 (q), 
and 30.25; 	m/z 153 (M, 42%), 97(100) , and 70(10) 
3-methoxy-2-methyl-1-phenyl ( 2-methyl-1-phenyl, methyl 
p-toluenesulphonate) (65%) b.p. 116-118 ° C (0.4 Torr) 
(Found: C, 76.8; H, 7.05; N, 7.35. C 12H 3NO requires 
C, 77.0; H, 6.95; N, 7.5%); 	6H 7.50-7.25 (5H,m), 6.60 
(1H, d, 3 J 3.2 Hz), 6.07 (1H, d, 3 J 3.2 Hz), 3.80 (3H,$), 
and 2.14 (3H,$); 	6 C 145.43 (q), 140.48 (q), 128.82, 
126.26, 125.05, 116.84, 113.02 (q), 97.24, 58.77, and 
8.95; 	m/z 187 (Mt , 77%), 172(100), 104(9), and 77(33): 
(* analysed consistently as partial hydrate) 
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3_[2H 3 ]methoxy_2_methyl_1_pheflyl (2-methyl-1-phenyl, 
[ 2 H 3 1methyl p-toluenesulphonate) (60%) b.p. 120-122 ° C 
(0.5 Torr); 6H 7.44-7.26 (5H,m), 6.58 (1H, d, 3 J 3.2 
Hz), • 6.07 (1H, d, 3 J 3.2 Hz), and 2.15 (3H,$); 	in/z 190 
(Mt , 77%), 173(15), 172(100), 104(10), and 77(33): 
3-methoxy-1-methyl2-pheflyl (1-methyl-2-phenyl., methyl 
p-toluenesulphonate) (90%) b.p. 113-115 ° C (0.1 Torr) 
(Found: C, 77.1; H, 7.15; N, 7.45. C 12H 13N0 requires 
C, 77.0; H, 6.95; N, 7.5%); '5H 7.45-7.27 (5H,m), 6.51 
(1H, d, 3 J 3.1 liz), 6.01 (1H, d, 3 J 3.1 Hz), 3.77 (3H,$) 
and 3.60 (3H,$); 6 	 145.09 (q), 130.95 (q), 128.76, 
127.81, 125.68, 119.29, 117.73 (q), 94.89, 57.95, and 
34.91; 	m/z 187 (M, 70%), 172(100), 144(30), 131 (20), 
118(25), and 103(25): 	1-t-butyl-3-methoxy-2pheflyl 
(1-t-butyl-2-phenyl, methyl p-toluenesulphonate) (75%) 
m.p. 81-82 ° C (from isopropyl alcohol) (Found: C, 77.9; 
H, 8.55;N, 6.0. C 15H 19N0.0.125H 20. 	requires C, 77.8; 
H, 8.3; N, 6.05%); 6H 7.41-7.38 (5H,m), 6.73 (1H, d, 
3 J 3.3 Hz), 5.98 (1H, d, 3 J 3.3 Hz), 3.67 (3H,$) , and 
1.43 (9H,$); 5C146•52 (q), 134.71 (q), 132.75, 127.47, 
127.32, 118.65 (q), 114.75, 94.28, 58.60, 56.95 (q), 
and 31.36; 	m/z 229 (M, 50%), 173(90), 158(100), 130(15), 
and 103(20): 1-ethyl-3-methoxy-2-methyl (1-ethyl-2-
methyl, methyl p-toluenesulphonate) (72%) b.p. 150-152 ° C 
(1 Torr) (Found: C, 69.0; H, 9.6; N, 10.2. C 8H 13N0 requires 
C, 69.1; H, 9.35; N, 10.1%); 6 H 6.35 (1H, d, 3 J 3.2 Hz), 
5.85 (1H, d, 3 J 3.2 Hz), 3.75 (2H, q, 3 J 7.25 Hz), 3.72 
(3H,$) , 2.12 (3H,$) , and 1.31 (3.H, t, 3 J 7.25Hz); 
144.05 (q), 114.35, 112.10 (q), 95.20, 58.80, 41.40, 16.00, 
and 7.55; 	m/z 139 (Z4, 42%), 124(100), 110(60), and 97(30). 
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D. 	REACTIVITY OF 3-HYDROXY- AND 3-14ETHOXYPYRROLES 
GENERAL STABILITY 
Autoxidation of 3-methoxy-1 -methyl-2-phenylpyrrole. 
A solution of the methoxypyrrole (50 mg, %0.25 rnmol) 
was dissolved in acetone (5 ml) . 	The solution was then 
allowed to stand at room temperature for 60 days after 
which time colourless crystals had formed in the bottom 
of the vessel. 	The crystals were filtered off and washed 
with a little acetone.to give 2-hydroxy-3-methoxy-1-
methyi-2-phenyl-1H-pyrrol- 5(2E)-one, (40 mg, 75%) , m.p. 
183-184 ° C (from acetonitrile) (Found: C, 65.8; H, 5.95; 
N, 6.5. C 12H 13NO3 requires C, 65.8; H, 5.95; N, 6.4%); 
H ([ 2 H6] DMSO) 7.40-7.29 (5H, m), 6.87 (1H,$), 5.18 (1H, 
s) , 3.67 (3H,$) , and 2.46 (3H,$) 	([ 2 H6] DMSO) 176.90 
(q), 169.51 (q), 137.48 (q), 127.48, 127.33, 126.00, 
91.95, 88.68 (q), 58.41, and 22.82; 'rnax 3250, 1670, 1630 
cm 1 ; 	mhz 219 (M, 62%), 202(16), 190(11), 189(11), 
188(23), 142(100), 118(33), 114(14), 105(74), 102(12), 
82(15), 78(39), and 77(57). 
3-Methoxy-1 -phenylpyrrole and 3-methoxy-2-methyl-
1-phenylpyrrole were allowed to oxidise under similar 
conditions. 	After 18 months the mass spectra of both 
compounds showed the presence of oxidised products, 
however the 'H n.m.r. spectra showed that starting 
material was still present (see Discussion Section). 
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REACTIONS OF 3-ALKOXY-- AND 3-HYDROXY-PYRROLES (1H-PYRROL-
3 (2H) -ONES) WITH ELECTROPHILES 
i) 	Reactions with 2,2-dimethyl-5-methOxyrnethylene - 
1 ,3-dioxane-4,6-dione. 
A solution of freshly prepared 2,2-dimethyl-5-methoxy-
methylene-1,3-dioxane-4,6-diOne 130 (93 mg, 0.5 mmol) in 
acetonitrile (3 ml) was added to a stirred solution of the 
relevant 3-methoxy- or 3-hydroxypyrrole (0.5 mmol) in 
acetoriitrile (5 ml). 	The resulting solution was then 
stirred overnight at room temperature (unless otherwise 
stated) . 	The product was then isolated, either as a 
precipitate or by removal of solvent in vacuo. 
The following compounds were prepared by this general 
procedure, the 3-methoxy- or 3-hydroxy-pyrrole used is 
indicated in each case. 	3-Methoxy-1-phenylpyrrole gave 
2,2_dimethyl_5_(3_methOXY-2 -PheflYl2 -PYrr 0 lYlmethY ) 
1,3-dioxane-4,6-dione, (65%) m.p. 202-204 ° C (from ethanol) 
(Found: C, 65.9; H, 5.2; N, 4.3. C 18H 17N0 5 requires 
C, 66.0; 	H, 5.2; 	N, 4.3%); 6 	 8.00 (1H,$), 7.46-7.23 
(6H, m'), 6.09 (1H, d, 3 J 3.2 Hz), 3.97 (3H,$), and 1.71 (611,5); 
(one quaternary missing), 163.91 (q), 160.30 (q), 
159.24 (q), 138.76, 132.48, 129.59, 127.85, 124.75, 118.07 
	
(q) , 103.16 (q) , 102.97 (q) , 96.88, 58.07, and 26.95; 	m/z 
327 (Mt , 1%) , 293 (0.5) , 277M, 269M, 225(1 .5) , 149(5),  
120(3), 118(3), 87(11), 85(63), 83(100), and 58(44): 
3-methoxy-2-methyl-1-phenylpyrrOle gave 2,2-dimethyl-5-
(3_methoxy_2-methyl-1-phenyl-5 -pYrrOlYlmethYlelle) 1 , 3- 
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dioxane-4,6-dione, (65%) m.p. 240 ° C (decomp.) (from 
ethanol) (Found: C, 67.2; H, 5.8; N, 4.15. 
C 19H 19 1.40 5 requires C, 66.9; 	H, 5.6; 	N, 4.1%); 6 H 
 8.13 
(1H,$), 7.68(1H,$), 7.50-7.15 (5111,m), 3.84 (3H,$), 2.03 
(3H,$) , and 1.62 (6H,$) ; (SC 1.64.64 (q) , 161.39 (q) 
148.99 (q), 139.46, 134.70 (q), 134.64 (q), 129.64, 
129.46, 128.31, 127.65 (q), 108.15, 102.69 (q), 97.53 
() , 57.57, 26.88, and 10.09; 	m/z 341 (M, 61%), 239(25), 
224(67), 105(50), 85(54), and 84(100): 	1-t-butyl-3- 
hydroxypyrrole gave 5-[1,2-dihydro-1-t-butyl30X04 
(3H-pyrrolylme thy Zen e)] - 2, 2 -dime thy l-2 , 3-dioxane-4 , 6-dione, 
(75%) m.p. 192-194 ° C (from isopropyl alcohol) (Found: 
C, 61.2; H, 6.6; N, 4.65. C 15H 19N0 5 requires C, 61.4; 
H, 6.5; N, 4.8%); 6 	 10.15 (1H, t of d, 	J 1.3 and 0.5 
Hz) , 8.22 (1H, d, 	J 0.5 Hz) , 4.02 (2H, d, 	J 1.3 Hz) 
1.65 (6H,$) and 1.48 (911,$); 6 C 194.39 (q), 168.39, 164.07 
(q) , 163.01 . (q), 144.42, 110.55 (q) , 103.24 (q) , 99.95 (q) 
58.58 (q) , 54.80, 28.12, and 26.99; 	m/z 293 (M, 25%) 
235(40), 191(5), 179(50), 163(25), 135(100), and 107(50): 
1-t-butyl-3-methoxypyrrOle gave 2,2-dimethyl-5-(1-t-
butyl-3-rnethoxy-2-pyrrolylmethylene) -1, 3-dioxczne-4, 6-
dione and 2,2-dimethyl-5-(1-tbuty3177ethOY 4 
pyrrolylmethylene)-1,3-dioxane-4,6dione, (isomer ratio 
%5:1 respectively, separated by dry flash chromatography 
on silica using n-hexane and ethyl acetate as eluents) 
2-substituted isomer (72%) m.p. 200.5-201.5 ° C (from 
ethanol) (Found: C, 62.7; H, 7.1; N, 4.55. C 16H 21 N0 5 
requires C, 62.5; 	H, 6.85; 	N, 4.55%); 6 	 8.43 (1H,$), 
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7.15 (1H, d, 	J 3.1 Hz), 5.80 (1H, d, 	J 3.1 Hz), 3.85 
(3H,$) , 1.76 (6H,$) , and 1.64 (9H,$) ; 6 	 164.64 (q) , 160.64 
(q), 158.56 (q), 139.95, 129.25, 117.86 (q), 103.12 (q), 
102.91 (q), 94.14, 57.84 (q), 57.77, 31.07, and 27.00; 
m/z 307 (M, 50%) , 249(40) , 218 (25) , 205(20) , 193(15) 
166(10) , 149 (100) , and 120(75); 	4-substituted isomer 
(15%) m.p. 199.5-201.5 ° C (from ethanol) (Found: C, 
62.7; I, 7.0; N, 4.55. 	C16H21 N0 5 requires C, 62.5; 
H, 6.85; N, 4.55%); 	6 	 8.61 (1H, d, 	J 2.2 Hz), 8.55 
(1H,$) , 6.27 (1H, d, 	J 2.2 Hz), 3.78 (3H,$) , 1.71 (6H, 
s) , and 1.55 (9H,$) ; 5c 164.60 (q) , 162.01 (q) , 151.94 
(q), 146.87, 128.30, 109.35 (q), 103.10 (q), 102.27 (q), 
99.08, 57.66, 56.96 (q) , 29.66, and 27.05; 	m/z 307 
(M, 25%) , 249(90) , 205(20) , 149 (40) , 121(100) , and 
93(80): 1-t-butyl-3-hydrOxy2phenYlPYrrOle gave 
5-fl, 2_dihydro_l-t-butyl-3-OXO-2PheflYl4(3HPYrrO1Y1 
methylene)i-2,2-dimethyll,3diOXafle4,6diofle, (75%) 
rn.p. 202-203 ° C (from isopropyl alcohol) (Found: C, 
68.4; H, 6.4; N, 3.7. 	C21 H 23 N0 5 requires C, 68.3; 
H, 6.25; N, 3.8%) 	10.45 (1H,$) , 8.23 (1H,$) , 7.31- 
7.12 (5H,m) , 4.97 (111,$), 1.67 (611,$) , and 1.33 (9H,$) 
195.73 (q), 170.36, 163.92 (q), 163.02 (q), 144.91, 
133.94 (q), 129.13, 128.83, 126.96, 108.63 (q), 103.28 
(q) , 100.85 (q) , 70.89, 60.43 (q) , 29.45, and 27.06; 
m/z 369 (M, 10%), 311(40), 255(75), 211(100), 183(25), 
and 155(15): 1-t-butyl--3-methoxy-2-phenylPyrrOle gave 
2,2_dimethyl_5-(l-t-butyl-3-fllethOXy2pheflYl4PYrrO1Y 1 
methylene)-1,3-dioxane-4,6-dione, (60 °C,24 hours), 
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(30%, after dry flash chromatography on silica using 
ethyl acetate and n-hexane as eluent), m.p. 193-195 ° C 
(Found 	M 383.1735. C 22H25N0 5 requires 383.1733); 
8.81 (1H,$), 8.51 (1H,$), 7.40 (5H, br.$), 3.44 (3H, 
s) , 1.73 (6H,$) , and 1.43 (9H,$) ; 6 	 164.53 (q) , 162.0 .0 
(q), 149.08 (q), 147.11, 133.00, 132.26 (q), 128.76 1  
128.56, 127.87, 123.13 (q), 109.71 (q), 103.24 (q), 103.16 
(q) , 62.46, 59.96 (q) , 30.80, and 27.11; 	rn/z 383 (Mi , 
2%), 325(5), 269(7), 225(10), 197(20), 192(15), and 
104(100): 3-hydroxy-1-methyl-2-pheflylPyrrOle gave 
2, 2_dimethyl-5-(3-hydroxy-1-methyl2-PheflYl5PYrr0lYl 
mehylene) -1, 3-dioxane-4 , 6-dione, (68%) m.p. 246-247 ° C 
(from isopropyl alcohol) (Found: C, 65.8; H, 5.3; N, 
4.2. 	C18H 17N0 5 requires C, 66.1; H, 5.2; N, 4.3); 
H ([ 2
H6] DMSO) 9.70 (1H, br.$), 8.17 (1H,$), 7.85(1H,$), 
7.58-7.53 (5H,m) , 3.75 (3H,$) , and 1.68 (6H,$) 	S 	( [ 2 H6-1 
DMSO) (one quaternary missing) , 164.40 (q) , 160.60 (q) 
145.59, 137.45 (q), 136.59 (q), 129.96, 128.94, 128.34, 
126.75 (q) , 110.50, 102.66 (q) , 97.78 (q) , 31.99, and 
26.62; 	m/z 327 (Mt , 80%), 269(30), 225(100) 1 196(13), 
and 168(16): 3-methoxy-1-methyl-2-phenylpyrrOle gave 
2,2-dimethyl-5-(3-methoxy-1-methyl - 2 -pheflYl5PYrrOlYl 
rnethylene)-1, 3-dioxane-4,6-dione, (70%) rn.p. 181-183 ° C 
(from ethanol) (Found M 341.1263. C 19H 19N05 requires 
341.1263); 6 	 8.32 (111,$), 8.11 (1H,$) , 7.50-7.42 (SH,m) 
3.84 (3H,$) , 3.78 (3H,$) , and 1.74 (6H,$) 	165.22 (q) , 
161.28 (q), 149.04 (q), 137.92, 136.15 (q), 129.92, 
129.19, 128.49, 128.06 (q), 127.17 (q), 108.43, 103.11 
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(q), 98.98 (q), 57.73, 31.95, and 27.05; 	m/z 341 
(M, 20%), 340(85) , 238(60) , 224(100) , 196(30) , and 
118(20). The analogous reaction with 3-hydroxy-2-
methyl-1 -phenylpyrrole was repeatedly unsuccessful, 
probably due to the sensitivity of the starting pyrrole. 
Pyrolysis of 5-[1 ,2-dihydro-1t-butyl-3-oxo-4-(3H-
pyrrolyflnethylene) ] -2, 2-dimethyl-1 ,3-dioxane-4,6-dione. 
Large scale pyrolyses of the title compound using 
the following conditions (T f 600°C, T i 170 ° C, p 8x10 4 
Torr) gave 6- t -butylpyrano[ 2 , 3-c] -pyrrol -2(6 H )-One, 
(25%), m.p. 125-127 ° C (from isopropyl alcohol) (Found: 
C, 67.5; H, 6.6; N, 7.20. C 11 H 13NO 2 . 0.25H 20 requires 
C, 67.5; 	H, 6.9; 	N, 7.15%); 6 	 7.49 (1H, d, 3 J 9.7 Hz), 
6.82 (1H, d, 	J 1.8 Hz) , 6.59 (1H, d of d, 4 J 1.8 Hz: and 
5 J 0.8 Hz), 5.81 (1H, d of d, 3 J 9.7 Hz and 5 J 0.8 Hz), 
and 1.43 (9H,$) 	162.88 (q) , 142.21 (q) , 138.88, 109.53, 
106.67 (q) , 100.72, 56.26 (q) , and 30.20; 	m/z 191 
(M, 35%), 135(100), and 107(16). 
Complete evidence for structural assignment is given 
in the Discussion Section. 
ii) Reactions with Oxalyl Chloride 
3-Hydroxy-i-phenylpyrrole (159 mg, 1 mrnol) was 
dissolved in oxelyl chloride (3 ml) (HCI evolved) and 
then stirred at room temperature for 1 hour. 	Partial 
(* analysed consistently as partial hydrate) 
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removal of oxalyl chloride at the water pump induced 
some crystallisation. 	The yellow crystals were 
filtered and recrystallised to give 4-phenyl-4H-furo-
[3,2-b]pyrrole-3,2-dione, (48 mg) m.p. 179 ° C (decomp.) 
(from toluene) (Found: C, 66.1; H, 3.25; N, 6.35. 
C 12H 7NO 3 .0.25H 20 requires C, 66.2; H, 3.45; N, 6.45%); 
7.68-7.25 (5H,m), 7.57 (1H, d, 3 1 2.9 Hz), and 6.16 
(1H, d, 3 1 2.9 Hz); 6 	([ 2
H6] DSO) 174.02 (q), 166.50 
(q), 157.72 (q), 140.06 (q), 133.77, 128.45, 126.83, 
125.00, 113.58 (q), and 99.11; 	m/z 213 (M, 10%), 185 
(100), 129(75), and 103(90). 
The filtrate was then taken and the remainder of 
the oxalyl chloride was removed in vacuo. 	This yielded 
a brown gum which was triturated with ethanol to give 
white crystals of ethyl 3-(2-phenyl-2-glyoxylatoethoxy- 
pyrrolyl)-oxalate, (160 mg) m.p. 103-105 ° C (from ethanol) 
(Found: C, 60.3; H, 4.75; N; 4.05. 	C18H 17N0 7 requires 
C, 60.2; 	H, 4.75; 	N, 3.9%); 5H 7.50-7.25 (511,m) 
7.01 (1H, d, 3 J 3.0 Hz) , 6.50 (1H, d, 3 J 3.0 Hz) , 4.44 
(2H, q, 3 J 7.2 Hz), 4.25 (2H, q, 3 J 7.2 Hz), 1.42 (3H, t, 
3 J 7.2 Hz), and 1.29 (3H, t, 3 J 7.2 Hz); 5C 174.12 (q), 
163.52 (q) , 156.22 (q) , 154.29 (q) , 145.03 (q) , 139.27 
(q), 130.26, 128.93, 128.49, 125.88, 117.57 (q), 103.48, 
63.59, 62.12, 13.80, and 13.73; 	m/z 359 (M, 9%), 
286(28), 248(12), 214(15), 212(20), 186(100), 135(50), 
and 103(40). 
The equivalent reaction with 1-t-butyl-3-hydroxy-
pyrrole gave an intractable gum. 	However, in situ 
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observation of the reaction, using 1 1i n.m.r., showed 
that only one product was formed. 	This was thought to 
be the analogous ethyl 3_(1_t_butyl_2_glyOXylatOethoXY 
pyrrolyl)-oxalate because of the appearance of two 
independent sets of ethyl peaks in the 1H n.m.r. spectrum 
after the crude material had been quenched in ethanol 
(see Discussion Section) 
3-Methoxy-1--phenylpyrrOle (173 mg, 1 mrnol) was 
dissolved in oxalyl chloride (3 ml) (HC1 evolved), the 
resulting solution was then stirred at room temperature 
for 1 hour. 	The excess oxalyl chloride was then 
removed under reduced pressure to give 3-methoxy--1-
phenylpyrrole-2-glyoxylic acid chloride as a brown solid 
(250 mg). Repeated recrystallisation and hot-filtration 
gave the product as pink crystals, (40%)m.p. 126-128 ° C 
(from toluene) (Found: C, 59.5; H, 3.75; N, 5.55. 
C 13H 10C1NO 2 requires C, 59.3; H, 3.8; N, 5.3%); 
7.55-7.15 (5H,m), 7.08 (1H, d, 3 1 3.1 Hz), 6.05 (1H, d, 
3 J 3.1 Hz) , and 3.92 (3H,$) ; 6 	199.14 (q) , 164.83 (q) 
160.36 (q), 139.09 (q), 134.36, 128.72, 128.09, 125.34, 
111.31 (q), 95.80, and 54.44; m/z 263 and 265 (Mi , 1% 
and 3%) , 237(3) , 235(10) , 201 (24) , 200(100) , 129(50),  
and 103(25). 
The analogous reaction involving 3-raethoxy-2-methyl-
1-phenylpyrrole only led to decomposition. 
iii) Other Attempted Reactions 
Attempted halogenation of 3-methoxy-1 -phenylpyrrole 
and 3-methoxy-2-methyl-1-phenylPyrrole using N-halogeno- 
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succinirnides proved unsuccessful. 	No isolable products 
could be obtained after the alkoxypyrroles had been 
stirred overnight at room temperature with one equivalent 
of the halogenating agent in a mixture of ethanol and 
water (9:1). 
3-Methoxy-1-phenylpyrrole also proved inert to 
reduction by lithium aluminium hydride. 	Heating to 
reflux in ether only resulted in near quantitative 
recovery of starting material. 
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REACTIONS OF 3-HYDROXY- AND 3-METHOXYPYRROLES WITH 
DIENOPHILES 
Reactions with Dimethyl Acetylenedicarboxylate (DMAD) 
The relevant 3-hydroxy- or 3-rnethoxypyrrole (1-5 
rnmol) was dissolved in either DMSO or methylene chloride 
(5-10 ml) . 	A solution of DMAD (1 equiv.) in the 
reaction solvent (1-2 ml) was then added dropwise with 
stirring at room temperature. 	The reactions were then 
monitored by t.l.c.. 	Silica plates were used for the 
hydroxypyrrole cycloadducts, whereas alumina plates had 
to be used for the rnethOxypyrrole cycloadducts because 
the acidity of the silica caused these cycloadducts 
(enol ethers) to hydrolyse. 	Ethyl acetate and n-hexane 
(1:3) were used as the chromatographic eluent in all 
cases. 
For reactions carried out in DMSO the mixture was 
quenched in water (25 ml), extracted with methylene 
chloride (3x15 ml), dried (MgSO 4 ), and the solvent was 
evaporated in vacuo. 
For reactions carried out in methylene chloride 
the crude product mixture could be obtained directly by 
removal of the solvent under reduced pressure. 	In both 
cases orange gums were obtained, further purification of 
which was carried out for some examples. 
The following data are for those reactions in which 
products were separated or where single products were 
obtained. 	The preceding 3-hydroxy- or 3-methoxy- 
pyrrole, reaction solvent, reaction time, and chromato- 
graphy conditions are indicated in each case. 	The 
dienophile is DNAD in all examples. 	All reactions 
were carried out at room temperature. 
3-Hydroxy-1-phenylpyrrOle [DMSO, 1 hour, wet flash 
chromatography on silica using n-hexane and ethyl 
acetate (3:1) as eluent] gave dimethyl 2-oxo-7-phenyl-
7-azanorborn-5-ene-5,6-diCarbOxylate (Cycloadduct) , and 
diinethyl (Z)- and (E)-2-(3-hydroxy-1-phenylPyrrOlYl) -2 -
butenedioates (MICHAEL ADDUCTS) (Ratio of CYCLOADDUCT: 
MICHAEL ADDUCTS, 60:40); CYCLOADDUCT (36%), b.p. 180- 
182 ° C (0.2 Torr), (Found M 301.0943. 	C16H15N0 5 requires 
301.0950); 6 	 7.29-6.83 (5H,m), 5.16 (1H, d of d, 3 J 
3.8 Hz and 	T 1.9 Hz), 4.86 (1H, d, 	J 1.9 Hz), 3.80 
(3H,$), 3.78 (3H,$), 2.52 (1H, d of d, 2 J 16.5 Hz and 
3 J 3.8 Hz), and 2.17 (11.-t.- d, 2 J 16.5 Hz); 5C 202.17 (q), 
162.93 (q) , 161.94 (q) , 141.22 (q) , 143.90 (q) , 136.32 
(q), 129.32, 122.51, 117.98, 74.12, 66.26, 52.38 (x2, 
- superimposed), and 34.02; m/z 272 (3%), 259(14), 228(25), 
214(3), 193(2), 155(2), 88(10), 84(100), and 77(10), 
(M not detected); MICHAEL ADDUCTS could not be isolated 
by chromatography but were characterised spectroscopically 
by analogy (see Discussion Section): 3-methoxy-1-pheflY 1-
pyrrole [CH 2C1 2 , 1 hour, wet flash chromatography on 
alumina using n-hexane and ethyl acetate (7:3) as eluent] 
gave dimethyl 2-methoxy-7-phenyl-7-azanorborn-5efle5, 6-
dicarboxyLate (Cycloadduct), and dimethyl (Z)- and 
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(E) -5-(3-methoxy-1-phenylpyrrOlyl)-5-bUteflediOateS 
(Michael Adducts), (Ratio of CYCLOADDUCT:MICHAEL 
ADDUCT, 75:25; CYCLOADDUCT (ca 35%) (Found: 
315.1105. C 17H 17N0 5 requires M +  315.1107); 6 H7.36 
6.73 (5H,m), 5.43 (1H, d of d, 3 J 3.0 Hz and J 1.0 
Hz), 5.30 (1H, t, 3 J = J 3 Hz), 5.07 (1H, d of d, 
3 J 3.0 Hz and 'J 1.0 Hz) , 3.76 (3H,$) , 3.75 (3H,$) 
and 3.61 (3H,$) ; & (quaternaries not observed) 128.92, 
121.48, 117.58, 99.57, 72.40, 72.14, 51.95, 51.94, and 
57.73; 	m/z 315 (Mt , 10%), 259(8), 228(8), 227(15), 173 
(58), 149(10), 148(100), 104(30), and 93(80); 	MICHAEL 
ADDUCTS (ca 10%) (Found 	M 	315.1103. C 17H 17N0 5 
requires 315.1107), 6 	 (TRANS) 7.60-7.21 (5H,m) , 6.73 
(1H, d, 3 J 3.2 Hz), 6.04 (1H, d, 3 J 3.2 Hz), 5.62 (1H, 
s) , 3.82 (3H,$) , 3.61 (3H,$) , and 3.54 (3H,$) 	(TRANS) 
(one quaternary not observed) 167.08 (q), 166.01 (q), 
152.95 (q), 139.68 (q), 137.11 (q), 129.01, 127.66, 
126.86, 126.12, 112.49, 96.66, 58.23, 51.84, and 51.12; 
(CIS) 7.40-7.19 (5H,m) , 6.84 (1H, d, 3 J 3.2 Hz), 
6.63 (1H,$), 6.09 (1H, d, 3 J 3.2Hz), 3.78 (3H,$), 3.68 
(3H,$), and 3.35 (3H,$); 6 	 (CIS) (one quaternary missing) 
166.82 (q) , 165.93 (q) , 149.82 (q) , 140.46 (q) , 132.72 
(q), 129.03, 126.19, 126.15, 123.65, 121.60, 96.81, 
57.88, 52.00, and 51.29; 	m/z 315 (Mt , 93%), 241(49),  
239(100) , 228(34) , 2V) (33) , 197(79) , 196(42) , 173(42) 
168(52), 158(58), and 154(37): 	1-t-butyl-3-hydroxy- 
pyrrole (CH 2C1 2 , 12 hours, dry flash chromatography on 
silica using n-hexane and ethyl acetate as eluent) gave 
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dirnethyl (E)-2-(1-t-butyl-3-hydroxypyrrolyl)-2-
butenedioate (Michael Adduct), (65%) b.p. 180-182 ° C 
(0.2 Torr) (Found M 281.1261. C 14 H 19N0 5 requires 
281.1263); 6 	 7.95 (1H, d of d, 3 J 3.5 Hz and J 0.9 
Hz), 6.71 (1H, d, 	J 0.8 Hz), 5.90 (1H, d of d, 
Lj 
0.8 and 0.9 Hz), 5.20 (1H, d, 3 J 3.5 Hz), 3.70 (3H,$), 
3.60 (3H,$) , and 1.15 (9H,$) ; 6 	 197.15 (q) , 165.45 (q) 
164.65 (q), 163.50, 144.10 (q), 128.30, 101.25, 62.40, 
56.45 (q), 51.90, 51.70, and 28.50; 	m/z 281 (M, 10%), 
249(1), 225(1), 193(100), and 165(10): 	1-t-butyl-3- 
methoxypyrrole (CH 2C1 2 , 12 hours, crude material not 
purified) gave dimethyl (Z)- and (E).-2-(1-t-butyl-3-
methoxypyrroly 1) -2-butenedioates (Michael Adducts) 
(isomer ratio 67:33 respectively), (Found M 295.1421. 
C 15H 21 N0 5 requires 295.1424); 6 (Z)-Michael adduct, 
6.73 (1H, d, 3 J 3.3 Hz), 6.11 (1H,$), 5.84 (1H, d, 3 J 
3.3Hz), 3.76 (3H,$) , 3.74 (3H,$) , 3.68 (3H,$) , and 1.48 
(9H,$); 6 H 
 (E)-Michael adduct, 6.91 (1H,$), 6.74 (1H, 
d, 	J 3.3 Hz), 5.88 (lii, d, 3 J 3.3 Hz), 3.73 (3H,$), 
3.63 (3H,$) , 3.62 (3H,$) , and 1.42 (9H,$) ; 	m/z 295 
(M, 74%) , 266(30) , 239(100) , 210(10) , 208(29) , 207(12) 
180(20), 179(13), 168(20), 167(76), and 112(38): 
3-hydroxy--2-methyl-1-phenylpyrrole (DMSO, 3 hours, dry 
flash chromatography on silica using ethyl acetate and 
n-hexane as eluent) gave dimethyl 1-methyl-2-oxo-7-
phenyl-7-azanorborn-5-ene-5,6-dicarhoxylate (Cycloadduct) 
and dimethyl (Z)- and (E)-5-(3-hydroxy-2-methyl-1-phenyl-
pyrroly7J-5-butenedioates (Michael Adducts) , (Ratio of 
311 
CYCLOADDUCT :MICHAEL ADDUCT, 70:30); CYCLOADDUCT, 
(55%) m.p. 87-89 °C (from ethanol) (Found: C, 64.6; 
H, 5.4; N, 4.45. C 17H 17N0 5 requires C, 64.8; H, 5.4; 
N, 	 H 7.32-6.92 (5H,m), A.87 (1H, d, 3 J 4.0 
Hz) , 3.80 (3H,$) , 3.75 (3H,$) , 2.58 (1H, d of d, 2 J 
16.4 Hz and 3 J 4.0Hz), 2.22 (1H, d, 2 J 16.4 Hz), and 
1.57 (3H,$) ; r5 	203.11 (q) , 163.86 (q) , 162.54 (q) 
145.00 (q), 143.27 (q), 140.56 (q), 128.97, 124.40, 
123.33, 80.24 (q), 64.87, 52.32, 52.26, 34.70, and 
10.71; 	rn/z 315 (M, <1%), 286(25), 273(50), 241(100), 
and 228(66); MICHAEL ADDUCTS not isolated by chromato-
graphy: 3-methoxy-2-methyl-1-phenylpyrrOle [CH 2C1 2 , 
3 hours, wet flash chromatography on alumina using 
n-hexane and ethyl acetate (7:3) as eluent]i. gave 
dimethyl 2-methoxy-1-methy l-?-phenyl-7-azanorborn5 
ene-5,6-dicarboxylate (Cycloadduct) and dimethyl (Z)-
and (E) -5-(3-methoxy-2-methyl-1-phenylpyrrOlyl)5 
hutenedioates (Michael Adducts), (Ratio of CYCLOADDUCT: 
MICHAEL ADDUCT, 78:22); CYCLOADDUCT (65%) m.p. 120-122 ° C 
(from methanol) (Found: C, 65.3; H, 5.75; N, 4.25. 
C 18H 19N0 5 requires C, 65.6; H, 5.8; N, 4.25%); 
7.26-6.85 (5H,m), 5.54 (1H, d, 3 J 3.3 Hz), 4.98 (1H, 
d, 	J 3.3 Hz), 3.75 (3H,$) , 3.72 (3H,$) , 3.65 (3H,$) 
and 1.67 (3H,$) 	6C  177.30 (q) , 165.44 (q) , 163.74 (q) 
152.64 (q), 151.57 (q) c 144.24 (q), 128.49, 123.10, 
122.40, 100.19, 80.52 (q), 69.14, 57.76, 52.05, 51.97, 
and 11.73; 	m/z 329 (M, 8%), 273(5), 242(7), 241(14), 
187(64), 173(12), 172(100), 118(40), 111(83), 104(15) 
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and 77(62); MICHAEL ADDUCT (10%) (Found M 329.1266. 
C 18H 19N0 5 requires 329.1263); 6 - only one isomer 
isolated, (TRANS) , 7.37-7.12 (5H,m) , 6.54 (1H,$) , 6.25 
(1H,$) , 3.78 (3H,$) , 3.68 (3H,$) , 3.40 (3H,$) , and 
2.05 (3H,$) ; 6 	166.65 (q) , 166.04 (q) , 144.77 (q) 
137.89 (q), 135.48 (c), 128.58, 127.58, 127.22, 125.96, 
121.27 (q), 117.44 (q), 101.38, 58.37, 52.22, 51.65, 
and 9.31; 	in/z 329 (M, 100 ) , 270(62), 269(47), 254(20), 
238(12), 211(31), 196(25), 118(61), and 77(53) 
1_t_butyl_3_hydroxy-2-phenylpyrrOle (DMSO, 24 hours, dry 
flash chromatography using n-hexane and ethyl acetate as 
eluent) gave dimethyl 7-t-butyl-2-oxo-1-phenyl-7 
azanorhorn-5-ene-5,6-dicarbOxylate (Cycloadduct) , (56%) 
m.p. 112.5-114.5 ° C (from ethanol) (Found: C, 67.0; 
H, 6.5; N, 4.1. C 20H 23N0 5 requires C, 67.2; H, 6.45; 
N, 3.9%); 6 	 7.41-7.30 (5H, br.$), 4.85 (1H, d, 3 J 3.8 
Hz) , 3.79 (3H,$) , 3.71 (3H,$) , 2.49 (1H, d of d., 2 J 
16.1 Hz and 3 J 3.8Hz), 2.12 (1H, d, 2 J 16.1 Hz), and 
0.81 (9H,$) ; 6 	 202.91 (q) , 166.25 (q) , 162.11 (q) , 
146.10 (q), 141.75 (q), 132.63 (q), 130.52, 128.70, 
128.09, 85.98 (q), 60.14, 55.36 (q), 52.32 (2x, super-
imposed), 36.33, and 29.98; 	m/z 315 (46%), 272(11), 
259(100), 240(11), 227(48), 196(15), 155(14), and 
104 (14) (M not detected). 
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Reaction of 3-Methoxy-1-pheflylpyrrOle with 
Tetracyanoethylefle 
TetracyanOethylefle (0.23 g, 1.8 mmol) was added 
in portions to a stirred solution of 3-methoxy-1-
phenylpyrrole (0.31 g, 1.8 mmol) in ethanol (10 ml) at 
room temperature. 	After 30 minutes a precipitate 
formed which was filtered and dried to give 
3_methoxy_1_phenyl_2_(1,1,2,2tetraCyaflOethYl) -PYrr0le 
(47%) m.p. 104-106 ° C (precipitated from ethanol at -20 ° C) 
(Found: C, 67.4; H, 3.6; N, 23.5. C 17 H 11 N 50 requires 
C, 67.8; 	H, 3.65; 	N, 23.25%); 5H 7.57-7.42 (5H,m), 
6.80 (1H, d, 3 J 3.3 Hz), 6.13 (1H, d, 3 J 3.3 Hz), 5.71 
(1H,$) , and 3.94 (3H,$) 	149.29 (qx2) , 137.18 (qx2) 
130.22, 129.68, 127.91, 126.55, 109.13 (q), 108.03 (q), 
97.22 (q) , 96.53, 58.68, 37.71 (q) , and 31.52; 	m/z 301 
(M#, 	2%) , 275(10) , 274(55) , 259(25) , 237(13) , 236(65) 
103(13), and 77(100). 	The filtrate was then taken and 
the solvent removed under reduced pressure. 	This gave 
a crystalline solid, 3-methoxy-1-phenyl-2-(1,2,2tri 
cyanoethenyl)-pyrrole (30%) m.p. 156-158 ° C (from ethanol) 
(Found: C, 69.8; H, 3.65; N, 20.5. C 16 H 10N 40 requires 
C, 70.1; 	H, 3.65; 	N, 20.45%); 6 	 7.54-7.26 (5H,m) 
7.26 (1H, d, 	J 3.1 Hz), 6.18 (1H, d, 3 J 3.1 Hz), and 
4.06 (3H,$) 	159.00 (q), 137.75 (q) , 134.69, 130.09, 
129.12, 126.08 (q), 125.00, 122.55 (q), 113.05 (q), 
112.91 (q), 112.28 (q), 111.64 (q), 97.46, and 58.46; 
rn/z 274 (M, 100%), 259(27), and 77(34). 
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Complete. evidence for structural assignments 
is given in the Discussion Section. 
Pyrolysis of Cycloadducts 
The cycloadducts prepared above were pyrolysed 
under the conditions stated. 	Hence pyrolysis of 
dimethyl 1-methyl-2-oxo-7-phenyl-7--azanorborn-5--ene- 
5,6-dicarboxylate, (T f 600 ° C, T 140 ° C, p 10 	Torr) 
gave dimethyl 2-methyl-1-phenyl-1H-pyrrole-3,4-dicarboXy-
late, (50%), M.P. 68-69 ° C (from methanol) (lit.152 m.p. 
69-70 0 C); 6 	 7.50-7.41 (3H,m) , 7.27-7.21 (2H,m) , 7.23 
(1H,$), 3.85 (3H,$), 3.79 (3H,$), and 2.58 (3H,$); 
165.49 (q) , 164.18 (q) , 138.01 (q) , 135.55 (q) , 
129.35, 128.53, 126.78, 126.04, 115.47 (q), 113.53 (q), 
51.39, 51.30, and 11.76: dimethyl 2-methoxy-1-methyl-
7-phenyl-7-azanorbornadiene-5,6-dicarboxylate, (T f 600 ° C, 
T. 120 ° C, p 	Torr) gave a mixture of compounds which 
were identified by comparison with authentic spectra 
(see Discussion Section): dimethyl 7-t-butyl-2-oxo-1-
phenyl-7-azanorborn-5-ene-5,6-dicarboxylate, (T f 600 ° C, 
T. 140 ° C, p 10 	Torr) gave dimethyl 1-t-butyl-2-phenyl- 
1H-pyrrole-3,4-dicarboxylate (ca 50%); 6 7.35-7.25 (5H, 
m) , 3.80 (3H,$) , 3.53 (311,$) , and 1.40 (9H,$) , [lit. 153 
7.36-7.24 (5H,m), 3.82 (3H,$), 3.56 (3H,$), and 1.41 
(9H,$)J; m/z 315 (M, 27%), 259(48), 228(47), 200(16), 
169(13), 141(19), 122(22), 115(19), 105(100), and 91(17). 
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E 	ALKENYL PYRROLES 
Preparation of Oxazolidines154 
The general procedure of Cope and Hancock 120 was 
used whereby the appropriately substituted ethanolamine 
(1 equiv) was condensed with cyclohexanone (1.1 equiv), 
using a Dean and Stark trap, catalysed by a small amount 
of p-toluenesulphonic acid. 
The following oxazolidines were prepared: 
2,2-pentamethyleneoxazolidifle (82%) b.p. 93-95 ° C (15 
Torr) [lit1 55 , 89-90 ° C, (16 Torr)] : 4,4-dimethyl-2,2-
pentamethyleneoxazolidine (62%) b.p. 106-109 ° C 134 Torr) 
[lit2 20 , 95-97.5 ° C (20 Torr)] : 2,2-pentamethylene-4-
phenyloxazolidine (78%) b.p. 140-142 ° C (0.2 Torr) 
The 2,2-dimethyloxazolidine was hydrolytically unstable 154 
but was prepared and reacted in situ (see following 
section) 
not reported in the literature, but subsequently 
characterised as a Meidrum's acid derivative) 
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REACTION OF OXAZO.LIDINES WITH 2,2-DIMETHYL-5-
METHOXYMETHYLENE) -1 ,3-DIOXANE-4, 6-DIONE 
Two methods were used:-
Method A: 
To a stirred solution of 2,2-dimethyl-5-(methoxy-
methylene)-1,3-dioxane-4,6-diOfle (3.72 g, 20 mrnol) in 
acetonitrile (25 ml) was added a solution of the 
relevant oxazolidine (22 mmol) in acetonitrile (5 ml) 
The reaction was then allowed to stir at room temperature 
for 3 hours. 	The product was isolated as a precipitate 
or by removal of the solvent under reduced pressure. 
Method B: 
EthanOlamifle (2.44 g, 40 mmol) was dissolved in 
acetone (50 ml) and a catalytic amount of p-toluene-
suiphonic acid was added. The solution was then heated 
at reflux for 3 hours. 	After the solution had cooled 
a solution of freshly prepared 2,2-dimethyl-5-(methoxy-
methylene)-1,3-dioxane-4,6-dione (7.44 g, 40 mmol) in 
acetone (25 ml) was added. 	The reaction mixture was 
then stirred overnight at room temperature. 	The product 
was obtained by removal of solvent under reduced pressure. 
The following derivatives were prepared: 
2,2-dirnethyl-5-(2,2-pentamethyleneoxazolidiflylmethylefle) 
2,3-dioxane-4,6-dione (Method A, 87%) m.p. 147-149 ° C 
(from ethanol) (Found: C, 61.3; H, 7.4; N, 4.7. 
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C 15H 21 N0 5 requires C, 61.0; 	H, 7.1; N, 4.75%); 
8.05 (1H,$), 4.00 (2H, br.d, 3 J 5.6 Hz), 3.94 (2H, 
br.d, 3 J 5.6 Hz), 1.77-1.55 (10H, complex), and 1.63 
(6H,$) ; 6 	165.60 (q) , 160.13 (q) , 150.87, 102.81 (q), 
99.05 (q), 85.07 (q), 63.38, 50.51, 35.17, 26.47, 24.14, 
and 22.89; 	mhz 295 (M, 15%), 238(28), 	237(89), 
194(30), 150(40), 141(36), 140(21), 139(100), 136(13), 
123(10), 122(50), 111(11), 109(13), 98(14), 97(11), 
96(25), and 95(27): 2,2-dimethyl-5-(4,4-dimethyl-2,2-
pentamethyleneoxazolidinylmethylene)-1,3dioxane4,6 
dione (Method A, 82%) m.p. 185-187 ° C (from ethanol) 
(Found: C, 63.4; H, 8.0; N, 4.45. C 17H25N0 5 requires 
C, 63.2; H, 7.75; N, 4.35%); 6H  (all signals-broad), 
8.00 (1H,$), 3.66 (2H,$), 1.59-1.35 {221-T, complex 
including 1.58(s), and 1.51(s)] 	(2 rotamers present - 
major quoted), 163.58 (qx2), 150.18, 102.30 (q), 102.13 
(q) , 84.39 (q) , 77.72, 65.50 (q) , 36.14, 26.50 (x2) 
23.91, and 22.97; 	m/z 323 (M t , 25%), 266(27), 265(74), 
222(14), 221(10), 193(29), 192(11), 180(12), 179(15), 
178(58), 169(60), 166(28), 165(14), 154(55), 151(17), 
and 150(88); 2,2-dimethyl-5-(2,2-pentamethylene-4-
pl-zenyloxazolidinylmethylene)-2,3-dioxane-4,6-dione 
(Method A, 27%) m.p. 141-143 ° C (from cyclohexane) (Found: 
C, 68.2; H, 6.8; N, 3.8. C 21 H 25N0 5 requires, C, 67.9; 
H, 6.75; 	N, 3.8%); 6 	 8.08 (-H, d, 	J 1.4 Hz), 7.31- 
7.10 (5H,m), 5.93 (1H, d of dd, 	J 1.4 Hz, 3 J 7.4 and 
5.8 Hz), 4.48 (1H, d of d, 3 J 7.4 Hz and 2 J 9.2 Hz), 
3.87 (1H, d of d, 3 .T 5.8 Hz and 2 J 9.2 Hz), 2.19-1.16 
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(10H, complex), 1.48 (3H,$), and 0.77 (3H,$); 
165.41 (q), 159.90 (q), 149.41, 136.15 (q), 128.77 1  
128.21, 127.42, 102.81 (q), 100.31 (q), 87.16 (q), 
71.57, 63.99, 37.48, 33.22, 27.37, 24.30, 23.92, and .  
23.04; 	m/z 313 (23%), 226(11), 216(17), 215(100), 
143(48), 104 (66) , 103(11) , and 91(13), (M not detected): 
2,2_dimethyl_5_(2,2-dimethYlOXaZOl1diflYlmethYlene), 3 
dioxane-4,6-dione (Method B, 85%) m.p. 135-137 ° C (from 
ethanol) (Found: C, 56.3; H, 6.7; N, 5.6. C 12 H 17N0 5 
requires C, 56.5; H, 6.7; N, 5.5%); 6 	 (all signals 
broad) , 8.93 (1H,$) , 4.11-3.98 (4H, complex) , 1.69 (6H, 
s), and 1.56 (6H,$); 6 	 165,52 (q), 160.10 (q), 151.03, 
102.95 (q) , 97.96 (q) , 85.40 (q) , 63.63, 50.34, 26.54, 
and 26.31; 	m/z 255 (Mt , 10%), 198(17), 197(26), 182(12), 
140(17) , 139(100) , 138 (46) , 111(15) , 96(23) , 95(45) 
68(23), and 67(89): 	2,2-dimethyl-5-(2,2[ 2 H6]dilflethYl 
oxazolidinylmethylene)1,3di0Xa72e4,6dione (Method B, 
80%); 	m/z 261 (P4, 2%), 203(10), 141(16), 140(17), 
139(100), 111 (11), 96(10), 95(35), 68(16), and 67(64). 
PYROLYSES OF 2, 2-DIMETHYL-5-- (OXAZOLIDINYLMETHYLENE) - 
1 , 3-DIOXANE-4 , 6-DIONES 
Conditions for the pyrolyses were established in 
small scale experiments in which the product(s) were 
dissolved in a deuteriated solvent and analysed 
immediately by 1 H n.m.r. (see Discussion Section) 
Preparative experiments were also carried out but the 
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crude products could not be further purified because 
of decomposition. 
The following 1-alkenyl-1H-pyrrol-3 (2H) -ones were 
prepared by pyrolysis. 	The precursor substrate, 
pyrolysis conditions, and approximate yields are given. 
1-Cyclohexenyl-1H-pyrrOl-3(2H)-Ofle, [ 5-(2,2-penta-
methyleneoxazolidinyl-), T  600 ° C, T 1 140 ° C, p 5x10- 3 
Torr, t 2 hours] (ca 70%) decomposes on attempted 
distillation [140 ° C (0.2 Torr)] (Found: M' 163.0997. 
C 10H 13N0 requires 163.0997) ; 5 7.94 (1H, d, 3 J 3.4 Hz), 
5.15 (1H, d, 3 J 3.4 Hz), 5.01 (1H, br.t, 3 J 1.2 Hz), 
3.82 (2H,$) , and 2.20-1.45 (8H, complex) ; 6 	198.16 (q) 
158.20, 134.49 (q), 105.55, 100.49, 55.07, 24.27, 23.54, 
21.88, and 21.65; 	m/z 163 (M 	162(27), 135(23): 
1-;(l-methyletheny)-1H-pyrrol-3(2H)Ofle [5 - (2,2 - 
dimethyloxazolidinyl-), T  625 ° C, T. 140°C, p 1x10- 3 
Torr, t 1 hour] (ca 60%) , decomposes on attempted 
distillation [100 ° C (0.2 Torr)] (Found: M 123.0683. 
C 7H 9NO requires 123.0684); 6 9.45 (1H, d, 3 J 3.6 Hz),11 
5.22 (1H, d, 3 J 3.6 Hz), 4.11 (2H,$), 3.84 (2H,$), and 
1.96 (3H,$) 	'C 198.50 (q) , 158.62, 139.24 (q) , 102.71, 
91.84, 55.17, and 18.30; 	m/z 123 (Mt , 100%), 108(37), 
95(11), 94(15), 83(56), 80(14), and 67(11); 	a second 
product was also formed during this pyrolysis, (10% approx.), 
which decomposed on attempted rccrystal1isation (Found: 
M, 123.0690. C 7H 9NO requires M, 123.0684); 6 H 
 7.59 
(1H, t, 3 J 3.6 Hz), 7.25 (1H, br.$), 7.33 (in, d of d, 
3 J 3.6 Hz and J 1.6 Hz), 2.35 (3H,$), and 1.97 (3H,$); 
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m/z 123 (M, 100%), 108(54), 80(20), 53(14), 42(12), 
and 41(20); this product was thought to be 2-dimethyl-
methylene-1H-pyrrol--3 (2H)-one (see Discussion Section) 
The pyrolysis of the 5-(2,2-pentamethylene-4-
phenyloxazolidinyl-) derivative failed repeatedly to 
give any identifiable products. 
Pyrolysis of the 5- (4, 4-dimethyl-2 ,2-pentamethylene-
oxazolidinyl-) , (T f 625 ° C, T. iso°c, P 	Torr, t 2 
hours), gave 2-aza-11,11-dimethyl-12-oxcztricyClO[4,4,0, 
3 1 ' 2 ]tridec-3-en-5-one, (50%) b.p. 165-167 ° C (0.2 Torr) 
(Found: M 221 .1416. 	C 13 H 19NO 2 requires 221.1414); 
6.98 (1H, d, 3 J 7.1 Hz), 4.99 (1H, br.d, 3 J 7.1 Hz), 
3.95 (1H, d, 2 J 9.0 Hz), 3.87 (1H, br.d, 2 J 9.0 Hz), 
2.63 (1H,m) , 2.43 (1H,m) , 1.70 (1H,m) , 1.88-1.28 (6H, 
complex) , 1.38 (3H,$) , and 1.35 (3H,$) 	S 	193.29 (q) 
142.66, 97.77, 95.79 (q), 76.71, 59.91 (q), 50.07, 29.06, 
26.51, 24.68, 22.56, and 21.28 (x2 superimposed); m/z 
• 	221 (M', 28%), 206(43), 193(12), 192(39), 180(14), 179(100), 
150(14), 124(22), 110(14), and 55(26). 
Structure determination of this compound and 
mechanistic details are outlined in the Discussion 
Section. 
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F 	THIOPHEN-3 (2H) -ONES 
In order to prevent the release of noxious 
odours of mercaptans, several precautions were taken: 
The vent from the rotary evaporator was passed 
through a trap cooled to -76 ° C; 
after use all glassware was immersed in a 
solution of commercial sodium hypochlorite in water 
(ca 1:1) for a period of at least 48 hours before being 
washed in the usual manner; 
all aqueous soluble waste was quenched in 
sodium hypochlorite solution (as above) for 48 hours 
before being rinsed away with large quantities of water; 
all organic waste was stored over sodium 
hypochiorite solution in a waste solvent container in a 
fume cupboard; 
experiments which involved heating solutions 
of mercaptans or the evolution of mercaptans were vented 
through a hypochlorite scrubber. 
5- (ALKYLTHIOMETHYLENE) -2, 2-DIMETHYL-1 ,3-DIOXANE-4 ,6-DIONES 
Preparation of Mercaptans 
All of the mercaptans used were commercially 
available with the exception of 1-phenylethyl mercaptan. 
This mercaptan was prepared by the literature method 
of Harpp and Smith 132 via the decomposition of its 
xanthate ester. 	The procedure also allowed the prepara- 
tion of one enantiomer of this chiral mercaptan by 
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resolution of the diastereomeric xanthate esters. 
Hence repeated recrystallisation of the mixture of 
diastereomers gave the pure R-(+)-xanthate ester 
M.P. 72-74 ° C, [a] 	+147.8 0 (c 2.38, C 6 H 6 ) [lit. 13
220 
M.P. 71-73 ° C, [a] 20 +149 0 (C 2.4, C 6 H 6 ) I 
Decomposition of the pure R-(+)-xanthate ester gave 
R-(+)-1-phenylethyl mercaptan, b.p. 105-107 ° C (24 
Torr) [a] 9 +86.2 0 (c 6.12, absolute EtOH) (lit. 132 
b.p. 86-87 ° C (17 Torr) , [c] 5 +91.7* (c 6.17, absolute 
EtOH) I. 
PREPARATION OF 5- (ALKYLTHIOMETHYLENE) -2, 2-DIMETHYL--
1 , 3-DIOXANE--4 , 6-DIONES 
Some simple 5-(alkylthiomethylene) derivatives 
had previously been prepared by Bellini and 13agli 129 
A slight modification of this procedure provided a 
general route to the title compounds in high purity 
and good yield. 
A solution of the appropriate mercaptan (10 mmol) 
in acetonitrite (5 ml) was added to a stirred solution 
of freshly prepared 2,2-dimethyl-5-(methoxymethylefle) - 
1,3-dioxane-4,6-dione in acetonitrile (10 ml) at room 
temperature. The reaction mixture was then heated 
under reflux for 3 hours. 	The product was then 
obtained by removal of solvent under reduced pressure. 
The following 5-(alkylthiomethylene) derivatives 
were prepared in this way. 	The mercaptan used is 
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indicated in each case. 
5-(Ethylthiomethylene) (ethyl mercaptan) (90%) m.p. 
51-53 ° C (from cyclohexane) (lit.129 52-54 ° C); 6 8.99 
(1H,$), 3.00 (2H, q, 3 J 7.5 Hz), 1.68 (6H,$), and 1.41 
(3H, t, 3 J 7.5 Hz); 6 	 170.94, 160.88 (q) , 160.50 (q) 
108.30 (q), 104.83 (q), 31.78, 27.30, and 14.98: 
5-(isopropylthiomethylene) (isopropyl mercaptan) (90%) 
m.p. 85-87 °C (from ethanol) (Found: C, 52.6; H, 6.35. 
C 10H 14 04 S requires C, 52.2; H, 6.1%); 6  8.98 (1H,$), 
3.32 (1H, sept., 3 J 6.9 Hz), 1.61 (6H,$), and 1.36 
(6H, d, 3 J 6.9 Hz); 5 C16875' 160.45 (q), 160.18 (q), 
107.71 (q), 104.37 (q) , 41.33, 26.99, and 22.90; 	m/z 
230 (M, 21%), 173(41), 172(91), 131(25), 130(57), 
129(66), 128(33), 113(20), 102(51), 87(17), 86(100), 
and 74 (47) : 5-(cyclohexylthiomet7-zylene) (cyclohexyl 
mercaptan) (75%) m.p. 101-103 ° C (from ethanol) (Found: 
C, 57.7; H, 6.75. C 13 H 180 4 S requires C, 57.8; H, 6.7%); 
9.00 (1H,$) , 3.07-2.01 (1H,m) , 1.98-1.23 (10H, complex) 
and 1.62 (6H,$); SC 169.44, 160.87 (q), 160.68 (q), 107.83 
(q), 104.74 (q), 50.01, 33.17, 27.29, 25.37, and 24.81; 
m/z 270 (Mt , 16%), 212(24), 170(38), 157(24), 130(100), - 
129(30), 102(30), and 87(31): 	5-(benzylthiomethylene) 
(benzyl mercaptan) (90%) m.p. 148.5-150.5 ° C (from 
ethanol) (Found: C, 60.4; H, 5.1. C 14H 140 4 S requires 
C, 60.4; H, 5.05%); 6 	 8.99 (1H,$), 7.32-7.30 (5H,m), 
4.19 (211,5), and 1.67 (6H,$); SC  169.90, 160.91 (q), 160.29 
(q), 134.96 (q), 129.11, 128.86, 128.17, 108.60 (cj), 104.97 
(q) , 41.59, and 27.36; 	m/z 278 (Mt , 1%), 220(73), 
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202(20), 129 (43) , and 91(100): 	5 - [R - ( 4- ) - 1 -phenyl - 
ethyithiomethylene] R-(+)-1-phenylethyl mercaptan] 
(75%) rn.p. 68-70 ° C (from ethanol) also 5 - [(+/ - ) - 1 -
phenylethyithiomethylene] [(+/-)-1-phenylethyl 
mercaptan] (75%) m.p. 80-82 ° C (from ethanol) (Found: 
C, 61.6; H, 5.6. C 15H 160 4 S requires C, 61.6; H, 
E 96 ); 6 	 8.90 (1H,$) , 7.33-7.29 (5H,m) , 4.40 (1H, q, 
3 j 7.2 Hz) , 	1.70 (3H, d, 3 J 7.2 Hz) , 1.66 (3H,$) , and 
1.63 (3H,$) 	168.77,160.83 (q), 160.22 (q), 140.54 
(q), 129.07, 128.23, 127.23, 108.26 (q), 104.81 (q), 
49.89, 27.35, and 22.12; 	in/z 292 (M, <1%), 234(10), 
129(14), 106(20), 105(100), 104(15), 103(20), 79(24), 
77(31), 57(14), 53(12), and 43(62): 	5-(furfurylthio- 
methylene) (furfuryl mercaptan) (70%) m.p. 90-92 ° C 
(from ethanol) (Found: C, 53.7; H, 4.45. C 12H 120 5 S 
requires C, 53.7; 	H, 4.5%); 6 	 9.04 (1H,$), 7.37 (111, 
d of d, 3 J 1.0 and 1.6 Hz) , 6.31 (2H, complex), 4.17 
(2H,$) , and 1.66 (6H,$) ; 6 	 169.30, 160.89 (q) , 160.09 
(q), 148.18 (q), 143.43, 110.74, 109.47, 108.92 (q), 
104.97 (q), 33.52, and 27.37; 	m/z 210 (65%), 129(41), 
81 (100), 53(28), 43(24), and 32(25) (M not detected): 
5-(ethosycarbonylthiomethylene), (ethyl 2-mercapto-
acetate) (75%) m.p. 104.5-105.5 ° C (from ethanol) (Found: 
C, 48.0; H, 5.15. C 11 H 150 6 S requires C, 48.2; H, 
5.1%); 6 H  8.99 (1H,$), 4.17 (2H, q, 3 J 7.1 Hz), 3.68 
(2H,$), 1.66 (6H,$), and 1.23 (3H, t, 3 J 7.1 Hz); 
169.20, 167.56 (q), 160.90 (q), 159.90 (q), 109.59 
(q), 105.18 (q), 62.27, 38.10, 27.36, and 13.83; 
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m/z 274 (M, 3%), 217(32), 216(48), 187(18), 144(21), 
129(68), 126(90), 100(15), 88(100), 61(33),. 60(38), 
53 (50) , and 43 (64) 
The preparation of 5-(methylthiomethylene)-2,2-
dimethyl-1,3-dioxane-4 ,6-dione 
2,2-Dimethyl-1,3-dioxane-4,6-dione (1.44 g, 10 
mmol) was dissolved in dry acetic anhydride (10 ml). 
Trithiomethyl orthoformate (4.5 g, 30 rnmol) was then 
added followed by a catalytic amount of aluminium 
trichioride. 	The reaction was then heated at 55-60 ° C 
for 3 hours. 	The reaction was then allowed to cool 
before the aluminium trichioride residues were filtered 
off. 	Removal of the solvent in vacuo gave the crude 
product which was then triturated with ethanol, 
filtered and dried. 	This gave 5-(methylthiomethylene)- 
2,2-dimethyl-1,3-dioxane-4,6-dione, (80%) m.p. 116-117.5°C 
(from ethanol) (Found: C, 47.3; H, 5.0. C 8H 1004 S 
requires C, 47.5; 	H, 4.95%); 6 	8.93 (1H,$), 2.61 (3H,$), 
and 1.65 (6H,$) 	cS C 172.83, 160.88 (q) , 160.34 (q) 
108.33 (q) , 104.86 (q) , 27.29, and 20.77; 	m/z 202 
(M, 47%), 187(10), 145(68), 144(77), 101(16), 100(53), 
72(100), and 71(23). 
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PYROLYSES OF 5- (ALKYLTHIOMETHYLENE) -2, 2-DIMETHYL-
1 , 3-DIOXANE-4, 6-DIONES 
Large scale pyrolyses (5 g) of the title 
compounds were carried out. 	Involatile solids were 
scraped from the trap, however, volatile solids and 
liquids were washed from the trap with solvent. After 
the solvent had been removed in vacuo, purification of 
the crude pyrolysate was carried out either by 
recrystallisation or bulb-to-bulb distillation. 
The following thiophen-3(2H)-ones (3-hydroxythio-
phenes) were prepared by-pyrolysis, the substrate 
precursor and pyrolysis conditions are given for each 
example. 	Thiophen-3(2H)-one [5-(methylthio-), T  600°C, 
T. 120 ° C, P 	Torr, t 2 hours] (80%) b.p. 68-70 ° C 
(0.2 Torr) [lit. 
29  38-39 ° C (0.01 Torr)] (Found: C, 
47.9; 	H, 4.1. 	C4H4 OS requires C, 48.0; H, 4.0%); 
(two tautomers present in chloroform - see Discussion 
Section, keto tautomer quoted) 8.36 (1H, d, 3 1 5.7 Hz), 
6.22 (1H, d, 3 J 5.7 11z), and 3.58 (2H,$) 3 203.42 (q) 
164.91, 123.43, and 38.55; 	m/z 100 (M, 100%), 72(71), 
71(68), 55(53), 46(88), 45(82), and 39(43): 	2-methyl- 
[5-(ethylthio-) , T  600 ° C, T. 140°C, p 	Torr, t 2 
hours] (50%) b.p. 76-78 ° C (0.2 Torr) [lit. 
38 
 b.p. 92-98 ° C 
(12 Torr)]; 6 (two tautomers present in chloroform - 
see Discussion Section, keto tautomer quoted) 8.34 (1H, d, 
3 J 5.8 Hz), 6.14 (1H, d, 3 J 5.8 Hz), 3.61 (1H, q, 3 J 
3 7.5 Hz), and 1.51 (3H, d, 	J 7.5 Hz); 6 C 
 207.23 (q), 
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164.46, 121.87, 48.29, and 16.67: 	2,2-dirnethyl- [5- 
(isopropylthio-), T  625 °C, T 100 ° C, p 5x10 3 Torr,. 
t 2.5 hours] (44%) b.p. 67-69 ° C (0.5 Torr) (lit. 156 
b.p. 78-80 ° C (12 Torr)]; 6 	 8.24 (1H, d, 3 J 6.0 Hz), 
5.98 (1H, d, 3 J 6.0 Hz) , and 1.33 (6H,$) ; 6 	 207.68 (q) 
161.37, 120.27, 56.59 (q), and 25.54: 	2,2-penta- 
methylene- [5-(cyclohexylthio-) , T  600°C, T i 120°C, 
P 10 	 Torr, t 1.5 hours] (58%) m.p. 59-61 ° C (from 
cyclohexane) (Found: C, 64.1; H, 7.25. C 9H 120S 
requires C, 64.3; H, 7.15%); 3H  8.27 (1H, d of t, 
3 J 5.9 Hz and 5j  0.7 Hz), 6.03 (1H, d, 3  J 5.9 Hz)-, and 
1.85-1.20 (10H, complex); SC  207.36 (q), 161.92, 121.56, 
65.54 (q), 34.77, 24.48, and 24.43; 	in/z 168 (M, • 69%) 
126(76), 114(31), 113(100), 81(49), and 58(48) 
2-phenyl- [5-(benzylthio-), T  625 ° C, T. 170 ° C, p 
Torr, t 2 hours] (92%) b.p. 115-118°C (0.2 Torr) 
(Found: C, 68.3; H, 4.75. C 10H80S requires C, 68.2; 
H, 4.55%); 6 	 7.67-7.20 (5H,m), 7.08 (1H, d, 	cJ 5.4 Hz), 
6.73 (1H, d, 3 J 5.4 Hz), and 6.00 (1H, br.$); 6 	 148.73 
(q), 132.80 (q), 128.90, 127.14, 126.71, 122.32, 120.55, 
and 117.82 (q) ; 	m/z 176 (M, 100%), 147(31), 122(24), 
121(61), 115(10), 89(14), 78(19), and 77(33): 
2-methyl-2-phenyl- [5-(1-phenylethylthio-) T  625 ° C, 
T. 120 ° C, p 5x10 	Torr, t 2 hours] (74%) b.p. 152-154 ° C 
(0.2 Torr) (Found: C, 69.4; H, 5.3. C 11 H 100S requires 
C, 69.5; 	H, 5.25%); 6 	 8.48 (111, d, 3 J 6.0 Hz), 7.38- 
7.28 (5H,m) , 6.16 (1H, d, 3 J 6.0 Hz) , and 1.90 (3H,$) ; 
206.30 (q), 162.52, 139.09 (q), 128.60, 127.77, 126.46, 
119.56, 62.26 (q) , and 2.4.59; 	m/z 190 (Mi , 100%) 
175(15), 162(10), 161(40), 147(16), 136(48), 131(12), 
121 (72), 103(27), 78(12), 77(27), 58(12), and 51(19): 
ethyl 3-hydroxythiophene-2-carboxylate [5-ethoxy-
carbonylthio-),T f 600°C, T i 140 ° C, p 	Torr, t 2 
hours] (76%) b.p. 73-75 ° C (0.1 Torr) (Found, M 
172.0194. C 7H8NO 3 S requires 172.0190) 	7.31 (1H, d, 
3 J 5.4 Hz), 6.69 (1H, d, 'J 5.4 Hz), 4.32 (2H, q, 3 J 
7.1 Hz), and 1.33 (3H, t, 3 J 7.1 Hz); 5C 166.13 (q), 
164.35 (q), 131.07, 118.95, 103.82 (q), 60.82, and 
14.10; 	m/z 172 (Mt , 8%), 149(9), 126(26), 69(13), 
45(15), 44(32), and 40(100). 
Repeated attempts at pyrolysis of the 5-(furfuryl-
thio-) derivative resulted only in decomposition of the 
starting material. 
THE USE OF CHIRAL SHIFT REAGENT 
A chiral lanthanide shift reagent 
157  was used to 
determine the enantiomeric excess in the 2-methyl-2-
phenyl-1H-thiophen-3(2H) -one by 1 H n.m.r. spectroscopy. 
The tris[3-(heptafluoropropylhydroxymethylene) -(+) - 
camphoratol , europium(III) derivative was found to be 
suitable for the analysis because of the shift of signals 
to higher frequency positions 6. 
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G 	5-SUBSTITUTED THIOPHEN-3-01ES AND PYRROL-3--ONES 
PREPARATION OF 5- [1,1 -BIS (METHYLTHIO)METHYLENE] -2,2-
DIMETHYL-1,3-DIOXANE-4 , 6-DIONE 
The literature method126 for the preparation of the 
title compound was found to be irreproducible, giving 
low yields of very poor quality material. 	A slight 
modification in the method provided a procedure which 
consistently gave acceptable yields of good quality product. 
To a well stirred solution of 2,2-dimethyl-1,3-
dioxane-4,6-dione (Meidrum's acid) (7.0 g, 50 mmol) in 
dimethylsulphoide (25 ml)
* 
 was added triethylamine (14 ml, 
100 mmol) and carbon disulphide (3 ml, 50 mmol) in quick 
succession. 	The mixture was then stirred vigorously 
for 1 hour at room temperature before being cooled in an 
ice-bath. 	Methyl iodide (6.5 ml, 100 mmol) was then 
added slowly to the reaction mixture with cooling (ice- 
bath) . 	When the addition was complete the reaction was 
allowed to warm to room temperature and was then stirred 
for a further 4 hours. 	Ice-water (40 ml) was then added 
with scratching to precipitate the product which was 
filtered and washed with a mixture of light petroleum 
(b.p. 60-80 ° C) and tetrahydrofuran (2:1 respectively). 
The material obtained at this point was no111a1ly pure 
enough for subsequent reactions. 	(50%) m.p. 116-118 ° C 
(lit. 132 119-121 ° C); 6H 2.61 (6H,$) , and 1.70 (6H,$) . 
(* the ratio of 5 ml of solvent to 10 mmol of Meidrum's 
acid must not be exceeded) 
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5- (1 -SUBSTITUTED-i -METHYLTHIOMETHYLENE) -2, 2-DIHETHYL-
1 , 3-DIOXANE-4, 6-DIONES 
Preparation of Grignard Reagents 
Grignard reagents were prepared in the usual manner 
in freshly distilled dry tetrahydrofuran with the 
exception of methyl-magnesium chloride which was commer-
cially available. 
Preparation of 5_(1_Substituted_i_methylthio-)-DeriVatives 127 
To a well-stirred solution of 5-[1,1-bis(methylthio)-
methylene}-2,2-dimethy]-1,3-dioxane-4,6-dione (2.48 g, 10 
mrnol) in dry tetrahydrofuran (25 ml) was added a solution 
of the Grignard reagent (30 mmol) in tetrahydrofuran (25 
ml) dropwise over a period of ten minutes. 	The resultant 
mixture was then allowed to stir for a further one hour 
under nitrogen. 	Hydrochloric acid (5% soin, 30 ml) was 
added to hydrolyse the addition product. 	The organic 
layer was separated and the aqueous layer was extracted 
with methylene chloride (3x25 ml). 	The combined organic 
layers were then washed with water (3x30 ml) and dried 
(MgSO 4 ). 	Evaporation of the solvent in vacuo gave the 
crude product which could then be recrystallised. 
The following 5_(1_substituted-1-methylthiOmethylene) 
2,2-dimethyl-1 ,3-dioxane-4,6-dione derivatives were 
prepared. 	The Grignard reagent used is indicated in 
each example. 	5-(1-Methylthio-1-phenyl-) (phenyl- 
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magnesium bromide) (60%) M.P. 162°C (from ethanol) 
(1it 27 164 ° C) 	7.47-7.43 (3H,m), 7.07-7.03 (2H,m) 
1.87 (3H,$) , and 1.75 (6H,$) ; S 	185.09 (q) , 161.64 
(q), 158.82 (q), 136.28 (q), 129.06, 128.87, 125.59, 
109.56 (q), 103.55 (q), 27.08, and 17.16: 
5-(1-p-t-butylphenyl-1-methylthiO-) (p-t-butylphenyl-
magnesium bromide) (46%) M.P. 145°C (from ethanol) 
(Found: C, 64.4; H, 6.7. C 18H220 4 S requires C, 64.7; 
H, 6.6%); 6 7.49-7.44 (2H, d of m, 3 J 8.5 Hz), 7.00-
6.95 (2H, d of m, 3 J 8.5 Hz), 1.88 (3H,$), 1.74 (6H,$), 
and 1.32 (9H,$) ; S 	185.58 (q) , 161.64 (q) , 159.01 (q) 
152.38 (q), 133.37 (q), 125.72, 125.48, 109.55 (q), 
103.46 (q), 34.63 (q), 31 .06, 27.04, and 17.18; m/z 
334 (Ivi, 40%) , 277(15) , 276(36) , 232(24'), 220(28) 
219(94), 217(100), 189(32), 185(85), 176(56), 170(51), 
169(20), 155(54), 142(17), and 115(22): 
5- (1 -methyl-i -methylthio-) (methylmagnesium chloride) 
(83%) M.P. 116-118 ° C (from ethanol) (lit 27 m.p. 118-
119 ° C); 6 2.71 (3H,$), 2.37 (3H,$), and 1.54 (6H,$); 
187.85 (q) , 161.65 (q) , 160.25 (q) , 107.79 (q) 
103.03 (q) ,26.67, 22.04, and 16.49; 	m/z 216 (M, 33%), 
159(31), 158(47), 143(20), 140(16), 114(38), 111(15), 
86(67), 85(14), 71(16), and 67(100). 
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PREPARATION OF 5- (1 -AMINO-i -PHENYLMETHYLENE) - AND 
5- (1 -AMINO-i -METHYLTHIOMETHYLENE) -2, 2-DIMETHYL-i , 3-
DIOXANE-4,6-DIONES 
To a well stirred solution of 5-(1-phenyl-1-
methylthiomethylene) - or 5-[bis(methylthio)methylefle]-
2,2-dimethyl-1 ,3-dioxane-4,6-dione (10 mrnol) in 
acetonitrile (20 ml) was added the appropriate secondary 
amine (11 mmol)* . 	The reaction was then stirred 
overnight at room temperature. 	The product was obtained 
as a precipitate or by removal of the solvent under 
reduced pressure. 
The following 5-(1-amino-1-arylmethylene)- and 
5- (1-amino-i -methylthio:methylene) - derivatives were 
prepared, the substrate precursor and the amine used 
are indicated. 	5-(1-dimethylamino-1-phenyl-) 
[5-(l-methylthio-1-phenyl-), dimethylamine] (93%) m.p. 
177.5-179.5 °C (from ethanol) (Found: C, 65.0; H, 6.05; 
N, 5.0. C 15H 17N0 4 requires C, 65.4; H, 6.2; N, 5.1%); 
7.45-7.37 (5H,m), 3.36 (3H,$), 3.10 (3H,$), and 
1.66 (6H,$) ; 6 	 176.85 (q) , 162.23 (qx2) , 135.12 (q) 
131.46, 129.30, 128.57, 102.01 (q), 84.40 (q), 46.80, 
43.97, and 26.53; 	m/z 275 (M, 39%) , 218(20) , 217 (20) , 
174(10), 173(50), 172(100), 144(22), 129(27), 103(13), 
102(81), 89(11), and 77(12): 	5-[1-(N-benzy1-N-methyl)- 
1-phenyl-], [5-(l-methylthio-1-phenyl-), N-methylbenzyl - 
(* 15 rnmol of dimethylamine was used) 
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amine], (90%) m.p. 213.5-215.5 ° C (from ethanol) (Found: 
C, 70.5; H, 5.95; N, 3.9. C 21 H 21 N0 4 .0.33H 20 	requires 
C, 70.6; H, 6.05; N, 3.9%); 6 	 (2 rotamers observed, 
major rotamer quoted) 7.50-7.19 (5H,m) , 4.76 (2H,$) 
3.27 (3H,$), and 1.71 (6H,$); 6 C 
 (major rotamer quoted) 
177.46 (q) , 162.58 (q) , 135.42 (q) , 134.24(q), 131 .73, 
129.58-127.20 (overlapping aromatic peaks), 102.26 (q), 
85.48 (q) , 63.00, 44.88, and 26.71; 	in/z 351 (Mt , 26%), 
249(25), 248(27), 220(30), 178(16), 158(13), 129(13), 
119(10), 118(34), 91(100), and 77(15): 	5-[1-(N-henzyl- 
N-methyl)-1-thiomet7 -iyl-], {5-[1,1-bis(methylthio--)], 
N-methylbenzylamine}, (83%)m.p. 196-198 ° C (from aceto-
nitrile) (Found: C, 59.4; H, 5.8; N, 4.35. C 16 H 19N0 4 S 
requires C, 59.8; H, 5.9; N, 4.35%); 6 	 (all signals 
broadened due to restricted rotation, major rotamer 
quoted) 7.33-7.14 (5H,m) , 5.08 (2H,$) , 3.21 (3H,$) 
2.60 (3H,$) , and 1.66 (6H,$) 	(some signals broadened 
due to restricted rotation, major rotamer quoted) 
187.90 (br.q), 161.71 (q), 132.64 (br.q), 129.08, 128.57, 
127.56 (br.), 102.68 (q), 79.30 (br.q), 62.76, 44.59, 
26.66, and 18.39; 	m/z 321 (M, 25%), 245(12), 219(12), 
204(10), 144(13), 120(20), 91(100), 82(15), and 65(12). 
(* analysed consistantly as partial hydrate) 
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PYROLYSES OF 5- (1 -AMINO-i-PHENYLNETHYLENE) _a, 
5 _( 1 _AMINO_1METHYLTHIOMETHYLENE)_ a , 5-(1--SUBSTITUTED-
1 -METHYLTHIOMETHYLENE) b, AND 5- [1 , 1 --BIs (METHYLTHIO) - 
METHYLENE] -2, 2-DIMETHYL-1 ,3-DIOXANE-4 , 6DIONESb 
Pyrolysis of the title compounds gave 1H-pyrrol-
3 (2H)_ onesa and thiophen-3 (2H)_onesb respectively, with 
a 5-substituent. 	Single products were obtained in all 
these cases, even when competitive cyclisation was a 
possibility (see Discussion Section) 
The 5-substituted-i (H)-pyrrol-3(211)-ones prepared 
proved to be very involatile liquids which normally could 
not be purified. 	The 5-substituted-thiophen-3(2H)-ones 
were usually low melting point solids which could be 
purified by bulb-to-bulb distillation and/or recrystal- 
lisation. 	Crude pyrolysates were normally washed from 
the trap with acetone and, after the solvent had been 
removed in vacuo, purified where possible. 
The following 5-substituted-1H-pyrrol-3 (2H)-ones 
and 5-substituted-thiophen-3 (2H) -ones were prepared by 
pyrolysis, the substrate precursor and pyrolysis con-
ditions are indicated in each example. 	1-Methyl-5- 
phenyl-2(H)-pyrrol-3(2H) - -one [5-(1-dimethylamino-1-
phenyl-), T  625 ° C, T 150 ° C, p 10 3Torr, t 2 hours] 
J7%) b.p. i63-i65 ° C (10 2Torr) (Found: C, 76.6; H, 
6.5; N, 7.85. C 11 H 11 N0 requires C, 76.3; H, 6.35; 
N, 8.1%); 6H (two tautomers in chloroform - see Discussion 
Section, keto tautomer quoted) 7.42-7.22 (5H,m), 5.16 
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(1H,$), 3.83 (2H, br.$), and 2.93 (3H,$); SC (keto 
tautomer) 197.90 (q), 179.19 (q), 130.57, 130.41 (q), 
128.60, 127.74, 101.65, 62.16, and 35.13; 	m/z 173 
(Mt , 100%), 172(72), 144(14), 103(14), 102(55), and 
77(14): 	2,5_diphenyl-1-methyl-2(H)PYrrOl3(2H) 0 fle, 
5-[1-(N-benzyl-N-methyl)-1-pheflY1- 1, T  600 ° C, T 
195 ° C, P 	Torr, t 2 hours} (77%) b.p. 200 ° C (0.2 
Torr) (with some decomposition) ( Found, M 249.1151. 
' 17H 15N0 requires M + , - 249.1154); 6 	 (two tautomers in 
chloroform - see Discussion Section, keto tautomer 
quoted) 7.54-7.25 (1011, aromatics), 5.28 (1H,$), 4.58 
(1H, br.$), and 2.95 (3H,$); 6 	 (keto tautomer) 199.05 
(q), 179.24 (q), 134.32-125.99 (overlapping aromatic 
signals) , 119.88 (q) , 99.37, 74.89, and 34.11; 	m/z 249 
(14, 11%), 160(12) , 118(21) , 105(28) , 103(17) , 102(27), 
91(22), 89(10), 78(14), and 77(100): 	1-methyl-2-phenyl- 
5-thiomethyl-1(H)pyrrol-3(2H)-Ofle, {5 - [1 - (N -benzyl -N -
methyl)-1-thiomethyl-, T  625 ° C, T 190 ° C, P 10 3 Torr, 
t 2 hours} (70%) b.p. 173-175 ° C (2x10- 2 Torr) (with some 
decomposition) ( Found, M, 219.0722. C 12H 13NOS requires 
M, 219.0718); 6 H 
 (two tautomers in chloroform - see 
Discussion Section, keto tautomer quoted) 7.38-7.14 - (5H, 
m), 5.02 (1H,$), 4.52 (1H, br.$), 2.90 (3H,$), and 2.47 
(3H,$) 	5 	(keto tautorner) 195.05 (q) , 181.26 (q) , 134.23 
(q), 128.81, 128.13, 127.31, 93.57, 75.05, 32.17, and 14.85; 
m/z 219 (t4, 95%), 204(69), 173(20), 144(14), 120(18), 
119(10), 118(100), 109(14), 104(14), 103(11), 91(20), 
85(20), and 77(47): 	5_thiomethylthiophen-3(2H)Ofl 
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{5-[bis(thiomethyl)-], T  600 ° C, T. iio°c, P 	Torr, 
t 2 hours} (78%) m.p. 80-81 ° C (fromcyclohexane) (Found: 
C, 41.2; H, 4.15. 	C5H 60S 2 requires C, 41.1; H, 4.1%); 
5.88 (1H,$),3.61 (2H,$), and 2.45 (3H,$); S c 197.92 
(q), 182.49 (q), 115.73, 40.58, and 15.93; 	m1z146 
(Mt , 100%), 131(14), 100(18), 99(14), 85(66), 72(44), 
71(16), 57(13), and 45(27): 	5-phenylthiophen-3(2H)- 
one [5-(1-methylthio-1-phenyl-), T  600°C, T i 150°C, 
P 	Torr, t 1 hour] (80%) m.p. 78 ° C [from light 
petroleum (b.p. 40-60 0C)] {lit. 83 78 ° C [from petroleum 
ether (40-60°C)]}; 6  7.71-7.41 (5H,m) , 6.56 (1H,$) 
and 3.81 (2H,$) ; 6 	 202.37 (q) , 178.68 (q) , 132.54 (q) 
132.08, 128.88, 126.47, 118.31, and 40.58: 
5-p-t-huty ipheny lthiophen-3 (2H) -one [5- (1 -p-t-butyl-
phenyl-1-methylthio-), T  625 ° C, T. 140 ° C, p 	Torr, 
t 2 hours] (86%), m.p. 109-111 ° C (from cyclohexane) 
(Found: C, 73.5; H, 7.05. C 14 H 160S requires C, 73.4; 
H, 6.9%); 6 	 7.61 (2H,d of m, 3 J 8.5 Hz), 7.46 (2H, 
d of m, 3 J 8.5 Hz), 6.53 (1H,$), 3.77 (2H,$), and 1.33 
(9H,$) 	202.08 (q), 178.24 (q) , 155.89 (q) , 129.84 
(q), 126.31, 125.82, 117.69, 40.40, 34.92 (q), and 
30.91; 	m/z 232 (P4, 58%), 218(15), 217(100), 189(10), 
175(21), and 115(16): 5-methylthiophen-3(2H)-one 
[5-(1-methyl-1-methylthio-) T  625°C, T. 110 ° C, p 
To;, t 2 hours] (75%) b.p. 57-59 ° C (0.2 Torr) [lit 4 
53 ° C (0.1 Torr)]; oH  5.98 (1H,$), 3.63 (2H,$), and 2.32 
(3H,$) 	202.48 (q) , 180.09 (q) , 121 .72, 41.37, and 
19.52. 
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H 	STRUCTURE, PHYSICAL AND SPECTROSCOPIC PROPERTIES 
OF THIOPHEN-3 (2H) -ONES 
STABILITY 
The majority of thiophen-3(2H)-one derivatives had 
lengthy shelf-lives when stored at -20 ° C. 	However the 
neat unsubstituted thiophen-3(2H)-one dimerised slowly 
and reasonably cleanly at -20 ° C. 	In chloroform solution 
at room temperature the dimer was formed faster but 
with notable decomposition. 
When the neat material was stored at -5 ° C for 7 days 
analysis by 'H n.m.r. spectroscopy showed that the crude 
product was mostly the dimer with very little evidence 
of other decomposition. 	This crude material was then 
eluted down a dry flash chromatography column (silica, 
using ethyl acetate and n-hexane as eluent) to give 
4, 5-dihydro-5-(3-hydroxythien-2-y 1) -thiophen-3 (2H) -one, 
(60%)
* 
 b.p. 170 ° C (0.2 Torr) (with decomposition) (Found, 
199.9968. C 8 H  8 S 2 0 2  requires M, 199.9966) 7.01 
(1H, d, 3 J 5.4 Hz), 6.62 (1H, d, 3 J 5.4 Hz), 4.91 (1H, 
t, 3 J 7.4 Hz), 3.51 (1H, d, 2 J 17.7 Hz), 3.37 (1H, d, 
2 j 17.7 Hz), 2.96 (1H, d of d, 2 J 17.8 Hz and 3 J 7.4 
Hz), and 2.83 (1H, d of d, 2 J 17.8 Hz and 3 J 7.4 Hz); 
C21269 (q),150.38 (q), 122.30, 120.46, 117.29 (q), 
47.34, 39.41, and 37.80; m/z 200 (M" , 57%), 153(53), 
127(12), 126(100), 125(20), 113(10), 101(14), 100(25), 
91- 7(61), 73(18) , 72(24) , and 71(31) . 
(* yield after chromatography which contained 5% of the 
starting thiophen-3 (2H) -one) 
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The 2-methyl-thiophen-3(2H) -one was also found 
to undergo decomposition at -20 ° C and had a limited. 
shelf-life. 
REACTIONS OF THIOPHEN-3(2H)-ONES WITH ELECTROPHILES 
i) 	Protonation 
These experiments were carried out by in situ 
observation using n.m.r. spectroscopy. 
The appropriate thiophen-3(2H)-one (25-50 mg) was 
dissolved in trifluoroacetic acid and then spectra were 
obtained using an external [ 2 H2]water lock. 	The 
deuterium exchange of the protonated substrate was 
observed using [ 2 H]trifluoroacetic acid. 
ii) Preparation and pyrolysis of 2,2-dimethyl-5(3 
hydroxy-5_thiornethyl-2-thieflylmethyiefle) -1 , 3-
dioxane-4,6-diane 
(a) A solution of freshly prepared 2,2-dimethyl-5-
methoxymethylene-1,3-dioxane-4,6-dione (0.93 g, 5 mmol) 
in acetonitrile (10 ml) was added to a stirred solution 
of 5-thiomethylthiophen-3(2H)-one (0.73 g, 5 mmol) in 
acetonitrile (15 ml). 	The resulting solution was then 
stirred for 48 hours at room temperature. 	The product 
was obtained as a precipitate which was filtered, dried 
and then recrystallised from acetonitrile to give the 
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-methylenedioxane-dione (0.98 g, 65%), m.p. 168-170 ° C 
(from acetonitrile) (Found: C, 48.0; H, 4.05. C 12H 120 5 S 2 
requires C, 48.0; H, 4.0%); 6H 
 ([ 2 H6]DMSO) (OH undetected) 
.8.50 (1H,$), 	6.71 (1H,$), 2.70 (3H,$), and 1.65 (6H,$); 
170.50 (qx2, superimposed) , 163.80 (q) , 162.92 (q) 
140.69, 113.23 (q), 103.25 (q), 95.59 (q), 26.57, and 
16.06; m/z 300 (Mt , 23%), 242(100), 198(31), 170(96), 
155(71) , 98 (39) , 85(61) , 72(24) , 70(28) , and 69(58) 
The analogous reactions involving the parent unsub-
stituted thiophen-3(2H) -one and the 2,2-dimethyl-derivative 
resulted only in decomposition. 
(b) Preparative scale pyrolyses of the derivative 
prepared in (a) above were carried out using the following 
parameters: T  650°C, T. 180 ° C, p 	Torr, 2 hours. 
This gave a single product, 5-thiornethyl-5H-thieno[3,2,b]-
pyran. (50%) m.p. 100-102 ° C (from cyclohexane) (Found: 
C, 48.2; H, 3.0. C 8  H 6 0 2 S 2 
 requires C, 48.5; H, 3.05%); 
7.56 (1H, d of d, 3 J 9.6 Hz and 5  T 0.6 Hz), 6.87 (1H, 
d, 5 J0.6 Hz), 6.14 (1H, d, 3 J 9.6 Hz), and 2.58 (3H,$); 
161.10 (q), 155.90 (q), 146.25 (q), 137.39, 116.69, 
115.74 (q), 109.73, and 19.36; 	m/z 198 (!4, 100%), 
170(87), 155(88), 127(13), 98(56), 85(69), 72(19), 71(13), 
70 (50) , 69 (56) , and 57 (20) 
iii) Reactions with oxalyl chloride 
Under similar conditions to those described earlier 
(see Reactions of 3-hydroxy- and 3-methoxy-pyrroles), both 
340 
the parent unsubstituted-, and the 5-thiomethyl-
thiophen-3(2H) -one gave intractable gums. 
iv) Preparation of 3-hydroxy-5-thiomethylthiOPhefl 
2-carboxaldehyde 
Phosphoryl chloride (2 ml) was dissolved in 
dimethylformamide (DMF) (10 ml) at room temperature 
with stirring. 	A solution of 5-thiomethyithiophen- 
3(2H)-one (140 mg, "1 mmol) in DMF (10 ml) was then 
added in portions at room temperature with rapid stirring. 
After the addition was complete, the reaction was stirred 
at room temperature for a further 1 hour. 	The reaction 
mixture was then poured onto crushed ice and hydrolysed 
with sodium hydroxide solution (2M ; 25 ml). 	After the 
ice had melted, the resulting solution was acidified 
(2M HC1) to pH 6-7 and extracted with ether (3x50 ml). 
The combined organic layers were then washed with water 
(2x50 ml) and dried (MgSO 4 ). 	Removal of the solvent 
under reduced pressure gave a crystalline solid which 
was recrystallised to give 3-hydroxy-5-thiomethyl-
thiophen-2-carboxaldehyde (100 mg, 60%) m.p. 118-120 °C 
(decomp.) (from cyclohexane) (Found, M 173.9809. 
C 6 H 6 0 2 S 2  requires 173.9807); 6  9.40 (1H,$), 8.86 (1H, 
br.$), 6.54 (1H,$), and 1.24 (3H,$); SC 183.06, 166.72 
(q), 15.26 (q), 115.95, 114.24 (q), and 17.68; 	in/z 174 
(Mt , 90%), 173(46), 159(10), 131(20), 117(19), 103(32), 
101 (11), 87(13), 85(79), 74(63), 73(34), 72(34), 71(19), 
69(67), 59(15), 58(27), 57(34), 53(13), 46(18), 45(100), 
and 39(11). 
V) 	Brornination 
Attempted reaction of the 2,2-dimethyl-, and the 
5-thiomethyl-thiophen-3-One with bromine in methanol 
at room temperature in the presence of potassium 
carbonate resulted in decomposition as did treating 
the thiophenones with one equivalent of N-bromo-
succinamide at room temperature in methanol. 
Reaction with dienophiles (mild electrophiles) 
Attempted reaction of the parent unsubstituted 
thiophen-3(2H) -one with dimethylacetylene dicarboxylate 
and maleic anhydride in dimethyl suLphoxide failed. 
Reactions were carried out at room temperature and with 
heating (79 ° C) but led only to decomposition of starting 
materials. 
Alkylation and Acylation 
(a) Alkylation: the general conditions developed 
for the regioselective O-alkylation of the pyrrol-3-ones 
(Section C) were also found to be applicable to the 
thiophen-3-ones. 	The only difference was that the 
thiophenones required a longer reaction time (12 hours at 
room temperature c.f. 1 hour for the pyrrolones) other- 
wise low yields were obtained. 	The following examples 
of 3-alkoxythiophenes were prepared: 3-methoxy- (66%) 
b.p. 65-67 ° C (0.1 Torr) (lit. 
158 
 80-82°C (6.5 Torr)]; 
7.20 (1H, d of d, 3 J 5.2 Hz and J 3.1 Hz), 6.79 (1H, 
d of d, 3 J 5.2 Hz and 4 J 1.6 Hz), 6.28 (1H, d of d, 
i 41 
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J 1.6 and 3.1 Hz), and 3.82 (3H,$); 6158.70 (q), 
124.67, 119.16, 96.53, and 57.21: 3-methoxy-5-phenyl-
(73%)b.p. 112-114 ° C (0.2.Torr) [lit. 
83 
 141-142 ° C (3 
Torr)]; 6 H 
 7.61-7.29 (5H,m), 7.01 (1H, d, 	J 1.7 Hz), 
6.22 (1H, d, 	J 1.7 Hz), and 3.83 (3H,$); cS C 158.58 (q), 
142.83 (q), 134.26 (q), 128.74, 127.64, 125.31, 115.25, 
96.31; and 57.03; 	m/z 190 (Mt , 17%), 178(27), 147(5), 
114(6), and 69(100): 	3-methoxy-5-thiomethyl- (68%) b.p. 
71-73 °C (0.2 Torr) (Found: C, 45.1; H, 4.95. C 6H8OS 
requires C, 45.0; H, 5.0%); 5H 6.71 (1H, d, 	J 1.7Hz), 
6.17 (1H, d, 	J 1.7 Hz); 3.74 (3H,$) , and 2.45 (3H,$) 
157.60 (q), 136.58 (q), 122.07, 98.65, 56.88, and 
21.17; 	m/z 160 (Mt , 100%), 146(45), 145(36), 117(11), 
101(12), 85(30), 84(12), 72(12), 71(11), and 69(14). 
The conditions used for the alkylation of the 
thiophen-3(2H)-ones were also applicable to the 5-
phenylfuran-3 (2H) -one. 	Hence 3-mthoxy-5-phenylfurafl 
was prepared (52%) b.p. 152-154 ° C (0.2 Torr) (Found: 
C, 75.6; H, 5.95. 	C11 H 100 2 requires C, 75.9; H, 5.75%), 
	
7.65-7.30 (511,rn), 7.14 (1H, d, 	J 1.0 Hz), 6.48 (1H, 
d, 	J 1.0 Hz), and 3.75 (3H,$) ; 6 	151.40 (q) , 130.68 (q) 
128.45, 127.40, 126.45 (q), 123.53, 122.60, 98.58, and 
57.85; m/z 174 (14, 100%) , 145(9) , 131 (31) , 105(46), 
103(37), 102(18), and 77(35). 
(b) Acylation: the appropriate thiophen-3(2H)-
one (1 mmol) was dissolved in tetrahydrofuran (THF) 
(3 ml). 	Triethylamine (1.1 mmol) was then added with 
stirring followed by a solution of - acetyl chloride (5mmol) 
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in THF (3 ml). 	The reaction mixture was then stirred 
at room temperature for 1 hour before being quenched 
in a mixture of ethanol (10 ml) and water (20 ml). 
The aqueous solution was then extracted with methylene 
chloride (3x15 ml), the combined organic layers then 
dried (MgSO 4 ) and the solvent was removed in vacuo. 
The following 3-acetoxythiophenes were prepared, the 
precursor thiophen-3-one is indicated in brackets: 
3-acetoxy- (thiophen-3(2H)-one) (52%) b.p. 68-69 ° C (0.2 
Torr) (Found: C, 50.6; H, 4.35. C 6 H 6 0 2  S requires 
C, 50.7; H, 4.25%); 5H 7.23 (1H, d of d, 3 J 5.3 Hz and 
J 3.4 Hz), 7.09 (1H, d of d, J 1.4 and 3.3 Hz), 6.90 
(1H, d of d, 3 J 5.3 Hz and J 1.4 Hz), and 2.26 (3H,$); 
168.38 (q), 146.91 (q), 124.03, 121.16, 110.71, and 
20.85; 	m/z 142 (Mt , 26%), 100(100), 71(41), and 70(13): 
3-acetoxy-5-thiomethyl- (5-thiornethylthiophen-3(2H)-one) 
(83%) b.p. 100 ° C (0.2 Torr) (Found: 	C, 44.7; H, 4.25. 
C 7 
H  8 0 2 S 2 
 requires C, 44.7; H, 4.25%); 6 H  6.96 (1H, d, 
J 1.6 Hz) , 6.83 (1H, d, 	J 1.6 Hz), 2.41 (3H,$) , and 
2.16 (3H,$) 	168.06 (q) , 145.88 (q) , 136.20 (q) 
124.18, 112.87, 21.32, and 20.69; 	m/z 188 (M, 22%), 
146(100), 131(42), 103(18), and 85(10). 
REACTION WITH NUCLEOPHILES 
2,2-Dimethylthiophen-3(2E)-one (64 mg, 0.5 rnmol) 
was dissolved in a deuteriated solvent and the 'H n.m.r. 
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spectrum monitored in the presence of various amines 
(1-5 equivs.). After a period of between 10 minutes 
to 4 hours equilibrium Michael addition was attained 
and the products were characterised by the signals at 
4.8 (d of d) and '5H  3.2 (d of d). 
A similar experiment involving thiophenol (1 equiv.) 
in deuteriated chloroform showed no reaction. 	However 
in the presence of triethylamine (1 equiv.) equilibrium 
Michael addition was observed in less than 10 minutes. 
The product was again characterised by the definitive peaks 
in the 1 H n.m.r. spectrum. 
When attempts were made to isolate the addition 
products by 'flash evaporation' of the solvent under 
reduced pressure, only mixtures of starting materials and 
product could be obtained. 
Identical experiments carried out with the 5-thio-
methylthiophen-3(2H)-one showed no reaction with any 
combination of solvent or amine even at elevated 
temperatures (79 0C). 
RADICALS 
Electron Spin Resonance Spectra 
For coiparison with the corresponding thiophen-3-
(2H)-one5-phenylfuran-3(2H)-one was prepared 159 : 
i) Preparation of 4-bromo-1-phenylbutan-1 ,3-dione 
Molecular bromine (16 g, 0.1 mol) was added over 
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1.5 hours to a stirred solution of benzoylacetone (16.22 
g, 0.1 mol) in methylene chloride (100 ml) at -10 ° C. 
After the addition was complete the reaction mixture was 
allowed to warm to room temperature and stirring was 
continued for a further 1 hour. 	Oxygen was then bubbled 
through the reaction mixture for 2 hours after which the 
solvent was removed at atmospheric pressure. 	The crude 
product (24 g) was unstable and could not be purified 
by distillation and was used directly for the next step. 
ii) Cyclisation of 4-bromo-1-phenylbutan-1 ,3-dione, 
To a solution of the title compound (1.3 g, 5 rnmol) 
in ethanol (50 ml) at -5°C was added aqueous ammonia 
(10 ml, 10% in water). 	The reaction was then stirred 
for 1 hour before being allowed to warm to room tempera- 
ture. 	The volume of the reaction mixture was then 
reduced in vacuo to ca.10 ml. 	This residue was added 
to water (25 ml) and extracted with methylene chloride 
(3x25 ml) . 	The combined organic phases were washed with 
water (3x25 ml), dried (MgSO 4 ) and then the solvent was 
evaporated under reduced pressure to give 5-phenylfuran- 
3(2H) -one (37%) m.p. 84-85 ° C (lit 59 84-85 ° C); 6 	 7.76- 
7.36 (5H,m) , 6.00 (1H,$) , and 4.60 (2H,$) 	201.98 (q) 
186.68 (q), 132.57, 128.70, 128.56 (q), 126.85, 101.29, 
and 75.16. 
Preparation of samples for e.s.r. spectroscopy 
Samples of the thiophenones or furanone (approx. 
MMel 
25 mg) dissolved in t-butylbenzene (250 Ri) and di-t-
butylperoxide (50 Ri) were degassed by bubbling dry 
nitrogen through the samples for 4-5 minutes and then 
photolysed as previously described (Section A). 
Analysis of the spectra obtained was carried out with 
.the aid of computer simulation (see Discussion Section) 
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I 	PRODIGIOSIN ANALOGUES 
PYROLYSIS PRECURSORS 
Preparation of 5-(2-thiomethyl-1-thienylmethylene)-
2, 2-dimethyl-1, 3-dioxane-4, 6-dione 
The title compound was synthesised using the method 
previously described for the preparation of. the 5-(1-
aryl-1-thiomethylmethylene)-derivatives (see Section G). 
The Grignard reagent used was prepared from the commer-
cially available 2-bromothiophene and then reacted with 
the 5-[bis(methylthio)methylene] -derivative to give 
5-(1-thiomethyl-1-thienylmethylefle)-2,2-dimethYl - 1,3-
dioxane-4,6-dione (80%) m.p. 225-227 ° C (decomp.) (Found: 
C, 50.4; H, 4.0. C 12H 120 4 S requires C, 50.7; H, 4.25%); 
([ 2 H6]150) 7.86-7.84 (1H,m), 7.21-7.14 (2H, complex), 
2.11 (3H,$) , and 1.73 (6H,$) 	([ 2 H6]DMSO) (two 
quaternaries missing) 175.32 (q) , 135.13 (q) , 134.67 (q) 
129.90, 128.63, 127.87, 103.67 (q), 26.48, and 16.86; 
m/z 284 (Mt , 11%), 227(18), 226(66), 181(16), 180(13), 
179(100), 154(15), 153(17), 139(12), 135(89), 108(17), 
and 95(12). 
Preparation of 5-(1-dirnethylamino-1-thienylmethylene) 
2, 2-dimethyl-1 , 3-dioxane-4 , 6-dione 
This compound was prepared by the same procedure as 
the 5-(1-amino-1-phenylmethylene)-derivatives (see Section 
G). 	Thus treatment of the substrate prepared in a) with 
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excess dimethylamine in acetonitrile gave 
5_(1_diTnethylamino-1-thleflYlmethYlefle)2,2 -dimethYl -
1,3-dioxane--4,6-diOfle (65%) m.p. 205-207 ° C (decomp.) 
(Found: C, 55.6; H, 5.45; N, 4.95. C 13H 15N04 S requires 
C, 55.5; H, 5.35; N, 5.0%); tSH 7.66 (1H, d, 3 J 5.0 Hz), 
7.39 (1H, d, 3 J 3.8 Hz), 7.12 (1H, d of d, 3 J 3.8 and 
5.0 Hz), 3.34 (6H, s) , and 1.67 (6H, s) 	(one quater- 
nary missing) 167.66 (q) , 162.29 (q) , 136.93 (q) , 133.90, 
133.75, 128.23, 102.33 (q), 84.59 (q), 46.69, 44.26, and 
26.57; 	m/z 281 (Z4, 13%), 224(14), 223(36), 180(16), 
179(85), 178(50), 151(19), 150(27), 136(15), 135(38), 
110(19), 109(33), 108(100), 97(21), 96(10), 95(33), 82(88), 
72(13), 69(18), and 63(16). 
PYROLYSIS OF 5- (1 -THIOMETHYL-1 -THIENYLMETHYLENE) -, AND 
5- (1 -DIMETHYLAMINO-1 -THIENYLMETHYLENE) -2, 2-DIMETHYL-1 ,3-
DIOXANE-4,6-DIONES 
Large scale pyrolyses of the title compounds were 
carried out which gave the expected 5-substituted-, 
thiophen-3-one and pyrrol-3-one respectively. 	The 
thiophen-3-one is a crystalline solid which could be 
handled and purified easily after being scraped from the 
trap. 	The pyrrol-3-one proved to be a very air- 
sensitive viscc.s oil which could not be purified. ' 
Therefore the pyrrol-3-one was normally used in its crude 
form by washing it directly from the trap with the reac-
tion solvent. 	The pyrolysis conditions used are indicated 
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for both cases: 
5.-(1_thjomethyl-1-thieflylmethylefle), (T f 625 ° C, 
T 140 ° C, p 10 	Torr, t 2 hours) gave 5-thienyl- 
thiophen-3(2H)-one ( 76%) rn.p. 113-115 ° C (from ethanol) 
(Found: C, 52.8; H, 3.25. C 8H 60S 2 requires C, 52.7; 
H, 3.3%); 6 	 7.58-7.52 (2H,m), 7.12 (1H, d of d, 3 J 
5.0 and 3.8 Hz), 6.39 (1H,$), and 3.80 (2H,$); 
201.45 (q), 170.31 (q), 135.95 (q), 131.02, 129.17, 
128.36, 116.93, and 40.48; 	m/z 182 (M, 100%), 153(22), 
108(56), 69(12), and 45(15): 	5-(1-dimethylamino-1- 
thienylmethylene), (f 625°C, T i 160 ° C, p 10 3 Torr, 
t 3 hours) gave 1-methyl-5-thienylpyrrol-3(2H)-One 
(70%)
* 
 (Found, M+ 179.0407. C 9 H 9NOS requires M +  179.0405); 
(two tautomers present in chloroform - keto form 
quoted), 7.54 (1H, d of d, 3 J 5.0 Hz and J 1.2 Hz), 
7.38 (1H, d of d, I j 3.7 Hz and 4 j  1.2 Hz), 7.12 (1H, 
d of d, 3 J 5.0 and 3.7 Hz), 5.34 (lIi,$), 3.90 (2H,$), 
and 3.19 (3H,$); SC (quaternaries not detected) 130.21, 
129.91, 127.84, 100.95, 62.65, and 35.54; 	in/z 179 
(M, 71%), 178(100), 164(8), 150(9), 109(6), 108(6), 
82(8), 71(6), 69(12), 65(11), 63(10), and 58(7). 
ALKYLATION 
Regioselective O-alkylation of the compounds prepared 
in ii) above was carried out using the general conditions 
described previously for the O-alkylation of the thiophen-
3(2H)-ones (NaH, DM1, MeOTs, 12 hours) (see Section H). 
(* approx. yield calculated from 111 n.m.r. spectrum using 
internal standard) 
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Hence 5-thienylthiophen-3 (2H) -one gave 
3-methoxy-5-thieriylthiOphefle (90%) b.p. 122-124 ° C 
(0.2 Torr) (Found, M 196.0022. 	C9H80S 2 requires 
M 196.0017); 6 7.20 (1H, d of d, 3 J 5.0 Hz and J11 
1.2 Hz), 7.16 (1H, d of d, 3 J 3.6 Hz and 4 j  1.2 Hz), 
7.00 (1H, d of d, 3 J 5.0 and 3.6 Hz), 6.86 (1H, d, 4 J 
1.6 Hz), 6.14 (1H, d, 	J 1.6 Hz), and 3.81 (3H,$); 
158.14 (q), 137.38 (q), 135.95 (q), 127.61, 124.45, 
123.45, 115.70, 95.63, and 57.07; 	m/z 196 (M', 100%), 
167(11), 153(44), 109(20), 108(13), 69(15), 45(49), and 
32(18): 1-methyl-5-thienylpyrrol-3(2H)-One gave 
3-methoxy-2-methyl-5-thienylpyrrOle (90%) 	(Found, 
193.0560. C 10H 11 NOS requires 193.0561); 6 7.24 
(1H, d of d, 3 j 4.9 Hz and 4 j  1.2 Hz), 7.09-7.02 (2H, 
complex), 6.32 (1H, d, J 1.1 Hz), 6.12 (1H, d, J 
1.1 Hz), 3.76 (3H,$) , and 3.62 (3H,$) ; cS 	147.77 (q) 
134.31 (q), 126.84, 124.36, 124.33 (q), 123.86, 105.80, 
97.71, 57.08, and 34.34; 	in/z 193 (M t , 100%), 178(59), 
137(10), 109(9), 108(8), and 42(40). 
FORMYLAT ION 
Phosphoryl chloride (1 ml) was added to dimethyl-
formamide (DMF) (10 ml) followed by a solution of the 
methoxythiophene or the methoxypyrrole (1 mmol) in DMF 
(10 ml). The reactions were then monitored by t.l.c. 
[t• crude yield; compound was very air-sensitive (even 
at -20 ° C) and could not be purified] 
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A few drops of the reaction mixture were quenched in 
sodium hydroxide solution (2M, 0.5 ml) and then extracted 
with ether (0.5 ml) . 	T.l.c. of the extracts on silica 
plates using ethyl acetate and n-hexane (1:1) as eluent 
gave excellent separation. 	The starting alkoxy- 
compounds ran at a much higher R  than that of the 
formylated products. 	The reaction involving the 
alkoxythiophene needed to be heated at 40 ° C (temperature 
must never exceed 45 ° C) for 1 hour before going to 
completion. 	In the case of the alkoxypyrrole, reaction 
was complete after stirring at room temperature for 30 
minutes. 	When reaction was complete, the reaction 
mixture was added to water (50 ml) and then NaOH (2M, 
50 ml) was added with agitation. 	The resulting solution 
was extracted with ether (4x50 ml). 	The combined 
organic layers were then washed with water (2x100 ml) 
dried (MgSO 4 ) , and the solvent was removed under reduced 
pressure to give the crude product. 
The following compounds were prepared in this way: 
3-methoxy-5-thienylthiophen-2-carboxaldehyde ( 75%) m .p. 
106.5-108.5 ° C (from ethanol) (Found: C, 54.1; H, 3.6. 
C 10H80 2 S 2 requires C, 53.6; H, 3.55%); 6 9.92 (1H,$) 
7.36-7.30 (2H,m), 7.04 (1H, d of d, 3 J 3.8 and 5.0 Hz), 
6.88 (1H,$), and 3.98 (3H,$); 6 	 180.29, 164.69 (q), 
145.98 (q), 136.23 (q), 128.22, 127.17, 125.85, 119.30 
(q), 111.26, and 58.71; 	m/z 224 (M, 100%), 223(38), 
195(13), 167(22), 153(17), 121(15), 109(16), 108(34), 
and 69(20): 3-methoxy-1-methyl-5-thienylthiophen-2- 
carboxcildehyde (75%), b.p. 175-177 ° C (0.2 Torr) (Found: 
C, 61.0; H, 5.35; N, 6.4. 	C 11 H 11 NO 2 S requires C, 59.7; 
H, 5..0; N, 6.35%); 6  9.54 (1H,$), 7.31 (1H, d of d, 
3 J 5.0 Hz and 4  J 1.2 Hz), 7.09 (1H, d of d, 3 J 3.6 Hz 
and J 1.2 Hz), 7.01 (1H, d of d, 3 J 5.0 and 3.6 Hz), 
5.85 (1H,$), 3.86 (3H,$), and 3.74 (3H,$); 6 	 175.28, 
158.82 (q), 134.80 (q), 131.80 (q), 127.62, 127.44, 
126.99, 118.63 (q), 94.81, 57.53, and 33.99; 	m/z 221 
(M t , 100%), 220(21), 206(16), 204(13), 192(12), 109(14), 
108(23), 70(12), 69(10), 45(11), 42(50), and 32(39). 
COUPLING 
The procedure of Koeveringe and Lugtenburg 
148 
was used to couple the aldehydes prepared in iv) above 
with the commercially available kryptopyrrole (3-ethyl-
2,4-dimethylpyrrole) 
The 2-carbaldehyde (1 mrnol) and kryptopyrrole (0.123 
g, 1 mmol) was dissolved in n-pentane (15 ml) containing 
the minimum amount of methylene chloride (ca.5 drops) 
required for solubility. 	The solution was then cooled 
to 0 ° C and phosphoryl chloride (0.155 g, 1 mmol) added 
with stirring over 1 minute. 	The reaction mixture 
immediately became red and the carbenium salt precipitated. 
This precipitate was filtered and washed with some n- 
pentane. 	These compounds were sternutatory. 
The following salts were prepared in this way: 
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3, 5-dimethy l - 4 - ethyl - 2 - [ 3-methoxy -5- ( 2- thienyl )- thieflYl 
2-methylene]-211-pyrrolium dichlorophosphate, (72%) rn.p. 
180 ° C (decomp.) (from ethanol) (Found: C, 46.5; H,.4.30; 
N, 3.05. C 18H 20C1 2NO 3 PS 2 requires C, 46.4; H, 4.3; 
N, 3.0%); 6H 7.87 (111, d, 3 J 3.3 Hz), 7.63 (1H,$), 7.43 
(1H, d, 3 J 4.4 Hz), 7.07 (1H, d of d, 3 J 4.4 and 3.3 Hz), 
6.97 (1H,$), 4.12 (3H,$), 2.78 (3H,$), 2.41 (2H,q, 
3 J 7.5 Hz), 2.25 (3H,$) , and 1.06 (3H, t, 3 J 7.5 Hz); 
168.73 (q) , 163.96 (q) , 154.67 (q) , 144.85 (q) , 135.41 
(q), 134.10 (q), 131.34 (q), 129.96, 129.81, 129.25, 
124.87, 115.67 (q), 109.88, 59.92, 17.17, 13.89, 13.78, 
and 10.06; m/z (F.A.B.) 330 (CATION); m/z 329 (5%), 
196(56), 	153(21), 109(11), 108(11), 52(27), 50(100), 
and 45(30): 3,5-dimethyl - 4 -ethyl - 2 - 13 -methoxy - 2 -mèthyl -
5- (2-thieny 1) -pyrro ly 1-2-me thy lene] -211-p yrro hum 
dichlorophosphate, (68%) m.p. 133.5 ° C (decomp.) (from 
ethanol) (Found: C, 49.9; H, 5.2; N, 6.3. C 19H 23C1 2N 2 -
O 3 PS requires C, 49.5; H, 5.0; N, 6.05%); 611 11.26 (111, 
br.$), 7.57 (1H, d, 3 J 4.9 Hz), 7.51 (111, br.m), 7.26 
(111, br.$), 7.18 (1H,rn), 6.27 (1H, br.$), 4.22 (311, br.$), 
3.90 (31-I, br.$), 2.55 (3H,$), 2.40 (2H, q, 3 J 7.6 Hz), 
2.32 (3H,$), and 1.04 (3H, t, 3 J 7.6 Hz); 6 	 159.14 (q), 
153.28 (q) , 144.50 (q) , 142.40 (q),. 131.99 (q) , 130.99, 
130.51 (q), 130.25, 128.73, 128.41 (q), 122.17 (q), 119.40, 
97.91, 60.09, 33.18, 17.28, 14.11, 13.54, and 10.27; 
m/z (F.A.B.) 327 (CATION) ; m/z 194 M), 193(49) , 178(20),  
.108(11), 52(19), 50(100), and 42(17). 
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We report the crystal and molecular structures of the 2.2-
dimethyl-5-methylene- 1,3-dioxane-4,6-dione (methylene 
Meidrum's acid) derivatives (I)-(3), and consider the effect 
on the geometry of electron donation by the heteroatom X as 
reflected in the canonical forms A and B. The principal 
dimensions of these molecules arc given in Figure A, and 
ORTEP plots of the structures are shown in Figures 1-3. 
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The overall structures of the three compounds are closely 
similar, with the methyl groups at C(2) adopting the 
expected" pseudo-axial and pseudo-equatorial positions, 
and with the conjugated portion of the molecules Ifrom  0(1) 
through C(S) and its substituents, to 0(3)1 being approxi-
mately planar. In addition, the methylamino compound (3) 
shows intramolecular hydrogen-bonding between the N/I 
and the carbonyl oxygen atom 0(4) within a six-membered 
chelate ring which is again essentially planar. The methyl 
substituent at the 4-heteromethylene position appears in the 
s-trans conformation in each case. 
In the full-text version of this paper, we make a detailed 
comparison of the geometrical parameters of compounds 
(1)-(3) with those of Meldrum's acid (4) itself" and other of  
sistcntly 2-3 c.s.d.$); 
the lengths of the C(4)-C(5) and C(5)-C(6) bonds 
are shortened relative to Meldrum's acid itself only when the 
5-methylene group has a conjugatively electron-donàl,ng 
substituent. as expected for canonical forms A and B (',pi-
calI' S e.s.d.$): however, the anticipated lengthening of the' 
carbonyl bonds is not usually statistically significant; 
similarly, the expected lengthening of the C(5)-C(7) 
bonds due to delocalisation is important only for the methyl-
amino derivative (3) (Ca. 3 e.s.d.$), although the C(7)-X 
bonds are indeed shorter than expected by comparison with 
standard values (Ca. 3 e.s.d.$). 9 
We conclude that the effect of delocalisation is more 
apparent in the increased double-bond character of the 
formal single bonds than in the increased single-bond 
character of the formal double bonds of the conjugated 
system: a similar trend in the structures of enones has been 
noted previously." 
Crystal Data for (1).CH,,0 c , M= 185.14, triclinic, 
space group I'1, a=5.6106(6), b9.6183(1 1), 
c = 9.6866(10) A, a = 60.994(5), f3 = 78.823(6), 
y89.652(7)°, U=446.13 A3 (from 20 values of 24 reflec-
tions measured at ± w, 35<20<40°, A = 1.54184 A), Z= 2, 
D, = 1.385 g cm 1 , crystal size 0.850x0.154x0.058 mm, 
p = 9.61 cm ', F(000) = 196. 
Data collection and processing. Stoe-Siemens AED2 four-
circle diffractometer, graphite-monochromated Cu-K. X-
radiation, w-20 scans, 1799 data (20,,a 120°, ±h, ±k, ±, 
888 unique (R,,=0.0196), of which 741 with F>4a(F) 
were used in all calculations. 
Structure analysis and refinement. A Patterson search 
using a Meldrum's acid fragment as input to the ORIENT 
and TRADIR routines of the DIRDIF system" located all 
non-I-I atoms, which were then refined anisotropically. H 
Atoms were refined positionally but with a common, iso-
tropic thermal parameter of 0.103(4) A2 . 16 At final converg-
ence, R, R=0.0386, 0.0510,5=1.373 for 120 parameters 
Me 	Me 	 Me 	Me 	 Me 	Me 
	
1,697' /1.508 	 1.503' /1.505 	 1.473
1 % /1.491 
1442, 	 428 
108. lb. 109. 
01178 	118.5 0 	 0 118.8 	118,5 o 	 0118.6 	117.5 0 
1,362 116 S 
	
1.361 	 1.363 	 1.360 	 1.338 	
I 
116 6 118.9 	 117.5 1115 4 	116 7 1351
12 .5 	
2118.0 1170 118.1 	 118.0 115.6 
0 	 0 )>... 
J".356 	1.45 	 1.467 	 11409 	1.422 1 451 	 11355 	1.45 
1108 	 207 	 1 
0 	126.4 	12 .1 	126.3
21\ 	.. 	
0 , 
6 2 123 	
1.467 	
260 	 11250 	 H 1123.7 
1.694 	 1,281,.,.. 1.301 
116 . 6 0 	 100.9s 	 122.6 
N 
1 1.453 	 1 1.807 	 11.469 
Me 	 Me 	 Me 
(1) 	 . 	(2) 	 (3) 
Figure A Principal bond lengths (A) and angles (°) of compounds (1)-(3). Typical e.s.d.s for (1) and (2) are 0.004 A and 0.3°, and for (3) 
are 0.013 A and 0.9° 
its 5-methylene derivatives.' 4 The following main conclu-
sions are drawn: 
(i) a 5-methylene group of any sort usually causes a slight 
lengthening of the 0(1)-C(6) and 0(3)-C(4) bonds (con- 
To receive any correspondence.  
and the final difference Fourier synthesis showed no feature 
above 0.17 eA 3. The weighting scheme 
W ' = 0 2 (F) + 0.000 1 72F 2  gave satisfactory agreement 
analyses and (6/O') max  in the final cycle was 0.003. A second-
ary extinction correction refined to 0.035(8) X 10'. 
Crystal Data for (2).-C 8H ,04S, M = 202.20, monoclinic, 
J. CHEM. RESEARCH (S). 1989 
space 	group 	I'2 fe. 	(,= 5.4580(3). 	h = 10.0624(6). 
c = 16.7653(7) A, =92.862(6)°. U=919.6l A (from 20 
values of 28 reflections measured at ± (u, 27 <20<44', 
A = 1.54184 A), Z=4. D, = 1.460 g cm. crystal size 
0(6) 
0(6) 
Figure 1 ORTEP plot of (1) showing crystallographic numbering 
system 
0(6) 




Figure 3 ORTEP plot of (3) showing crystallographic numbering 
system 
(1.1 I ox 0.l 16 x (1.46(1 liltit. u = 29.4$ cot '. /((l(lll) = 
I):t, co/Ie(iu;,i and processing. i\El)2 diflraclonteler. 
graph I te-monoch rotitated Cu-K, X- radiation. op - 2 11 scalls. 
I 3 7 3 data (2 Urn..,  120°. ± I,. + k. + I). of which 101 7 with 
F>( 
- 
1 O(F) were used in all calculations. 
.Slrlt((Iir(' (I!1(1ltSiS (111(1 iCfl!l('IZU'iI!. SI-I El _X$6' 	direct 
methods located all non-I -I atollis, which s'ere then refined 
anisotropically. with II aloms in fixed. calculated posili(u1s." 
Al final convergence. U. R, = 0.0366. 00525. S= 1.255 for 
I 9 paraillelers and the final difference Fourier svntltcsis 
hoss ed no feature above 0.23 eA . The weithtini scheme 
= 0( F) + 0.00 146 /2  gave 	satisfactory atzrcemellt 
analyses and (à/u).., ill the final cycle was 0.042. A second-
ary extinction parameter refined 10 0.023(4) X ll)'. 
(recw/ 1)11/ti /,r (3).-C.,Fl NO 1 .31 = 185.16, Iriclimlic. 
space 	group 	I'/. 	a 5.286(1(1). 	I, = 8.87 1(17). 
e=l0.l20(21) A. a77.l5(l7). 13 $9.69(I6). 
LJ= 45() N (from dilfraetonicter angles of 13 
centred reflections with 20 <20< 24'. A= 0.71073  A). 
Z= _'. D,= 1.366 g em- 1 , crystal size 0.077 x 0.230 X 0.616 
mm. it = 1.03 cm - '. ,:(000) = 196. 
i),ta (Y)IkCtiOIl ((11(1 processing. AED2 diffraclomeler. 
erapliite-nionochroniated Nb-K,, ..\'-radiation. w-2 0 scans. 
II '9 data (20.., 45°. ±h, ±k, + 1), of which 570 with 
F> 2c(F) were used in all calculations. 
Structure a,iaI:crc (111(1 refinement. SHELX86 17 direct 
methods located all non-I-I atoms, which were then refined 
anisotropically. with I-I atoms in fixed, calculated positions."' 
At final convergence. U.R,,. = 0.0818,     0.0978. .5=  II 34 for 
12 I parameters and the final difference Fourier synthesis 
sho'ed no feature above 0.3$ eA The weighting scheme 
it = 0 ' (F) + 0.0031 $/2 gave satisfactory agreement 
analyses and ( 6 /(1) 	the final cycle was 0.021. 
Illustrations were produced using ORiEP' and nioleeu-
lar geometry calculations utilised CALC.'' 
Technique used: X-Ray diffraction 
References: 19 
Tables 1-18: Lists of refincd pam'anletcrs and molecular geometry 
descriptors for each sirtucture 
lat'Ie 19-23: Comparison of geometrical l)IT 11 etcms 0) 1 I 
and those Of Meldrum's acid (4) and other Of Its 5-nieihvleuie 
derivauves 
Rcecireil. Vt/i Not-eta/icr I988; I'ajer E18/04450(' 
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Simple 3-Hydroxythiophenes [Thiophen-3(2H)-ones] 
Gordon A. Hunter and Hamish McNab* 
Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3JJ, U.K. 
We report a simple and flexible synthetic route to simple 3-hydroxythiophenes [thiophen-3(2H)-ones], including the 
parent compound (la). 
Hvdroxvthioplienes are often very unstable. air-sensitive and 
acid-sensitive compounds which decompose easily." Simple 
members of the series therefore have been prepared only with 
difficult', by low yielding and/or multi-step sequences, and 
little is known of their chemistry.' Here we report a 
convenient and general solution to problems of 3-hvdroxy-
thiophene [thiophen-3(2H)-one] (1) synthesis, by using a 
flexible and efficient two-step route which relies on gas-phase 





ucts. The route follows from the well-established formation of 
the IH-pvrrol-3(2H)-one nucleus by thermolysis of amino-
methylene Meldrum's acid derivatives. 2 Very recently, Pom- 
Table I 
Compounds Yield of 
(t) and (2) R' 	R2 R3 (1)1% 
a H H H 80 
b H 	Me H 50 
C H Ph H 92 
d H 	CO2Et H 76 
e Me Me H 45 
I -(C5H,0)- H 60 
g H 	H Me .75 
h H H Ph 80 
H 	H 4-Bu'-C6H4 86 
J H H MeS 80 
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SR2 	 R3 S R2 I 
R1 	 J 
(2) zz 
0 	 OH 
fl 1 z H 
R 3A 
R 1 	R3 5, R2 
(1) 
Scheme I 
owlet. Chuche, and co-workers 3 have adopted a similar 
strategy for compounds (ig) and (lj), and have characterised 
mcthylcnekctcne intermediates en route to the thiophenones. 
We have found that pyrolysis of the Meldrum's acid 
derivatives (2) at 625°C (10 3 Torr) proceeds cleanly and 
efficiently to give the thiophenones (1) in high yield (Scheme 
l).t The method is applicable to 2-alkyl. 2-aryl, or 2-function-
alised derivatives [(Ib), (Ic), and (id). respectively] and 
2.2-disubstituted compounds [(Ic) and (if)]. The precursors 
(2b—f) are readily available in ca. 85% yield by treatment of 
methoxvrnethylenc Meldrum's acid" (3) with the appropriate 
thiol in acetonitrile solution. 5 Similarly. 5-alkyl, 5-aryl, and 
5-functionalised thiophenones (Ig—j) can be obtained from 
the known derivatives (2g—j). 6 ' 7 
Of particular importance, the parent thiophen-3(2H)-one 
(In). which hitherto has been only poorly characterised 8 is 
now available in high yield (80%) and in sufficient quantity 
that its properties can be studied. The precursor (2a) is 
obtained directly from Meldrum's acid and the commercially 
available tris(mcth lthio)rnethane in the presence of alumin-
urn trichioride (801%). The thiophenone (in) is indeed" an 
unstable compound, and dimerises relatively cleanly to the 
bithiophenc (4) over a period of days. even at low tempera-
ture. In contrast with the corresponding furanonc (5)9  and 
pvrrolonc (6)10  which show, at most, only traces of enol 
tautomer in chloroform solution. (In) exists as a 2.9: 1 mixture 
of thiophcnone and hydroxythiophenc forms.'' This result 
shows the enhanced resonance stability of the thiophene 
nucleus over the furan and pyrrole ring systems. Reaction of 
(la) with electrophiles under basic conditions is illustrated by 
regiospecific O-acvlation (acetyl chloride/triethylamine) and 
O-alkvlation (methyl toluenc-p-sulphonate/sodium hydride) 
to give (7) and (8), respectively. Under acidic conditions 
t All new compounds were characterised by their spectra and by 
elemental analysis. 
OH 
(Lq 	/  do 
0 
(4) 	 (5) 
O 	 OH 
d d NN 




(7)R = COMe 
(8) R = Me 
([ 2 1-11trifluoroacetic acid). deuterium excitanee reactions al 
the 2-, 4-,and 5-positions take place via the hvdroxythiophcne 
tautomer. 
Further chemical and spectroscopic studies Of the Iliiophe-
nones (1) arc in progress. 
We thank the University of Edinburgh for the award ol' tie 
Cohn and Ethel Gordon Scholarship (to G. A. II.) and Lonza 
Ltd. for a generous gift of Meldrurns acid. 
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A Short Synthesis of Prodigiosin Analogues 
Alexander J. Blake, Gordon A. Hunter, and Hamish M cN a b* 
Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3JJ, UK 
A convenient synthetic route to three-ring systems (11) and (12) related to those found in prodigiosin antibiotics is 
described: the X-ray crystal structure of (12) shows that the exocyclic double bond has a Z-configuration, which 
allows hydrogen bonding between the methoxy group and the pyrrole NH of ring C. 
Two total syntheses of the prodigiosin series of antibiotics (1) 
have appeared in the last three years. 1-2 Both have employed a 
novel multi-step methodology to solve the problems inherent 
in the synthesis of the highly sensitive oxygenated pyrrole ring. 
We have overcome such problems b a two-step gas-phase 
method-' based on the pyrolysis of aminomethylene Mel- 
drums acid derivatives, and we have recently shown that 
analogous thiophenes can be obtained by a similar pro-
cedure. 4 In this communication, we show how these early 
studies can be readily extended to the synthesis of analogues 
of the prodigiosin ring system, and report the X-ray crystal 
structure of one such derivative. 













(2) 	 (3) 
OMe 	 0 	 00 
04-Q-d 0 0 
\I 
(7)X=S 	 (5)X=S 
(8)X=NMe (6)X=NMe 	 (4) 
iv 
OMe 	 OMe 	Me 
- ~/ X \  CHO 	 Et 
Me 
(9)X=S 	 (1l)X=S 
(10)X=NMe (12)X=NMe 
Scheme I. Reugeilis and coi:diiions: i. Me 2 NI-1: ii. FVP (600 'C. 10 -
Toir): i ii. MeOTs. Nall. DM1: iv. I'OCh. diniethylformainide: v, 
krptopyrrole. POC'l 3 . 
Thus. treatment of the ketenc dithioacctal (2) 5  with 
2 - thienylmagnesium bromide in tetrahvdrofuran' gives (3; 
80'Y" ).7'  which can he transformed into the dimethyl-
itminonicthvlcne derivative (4: 65 (Y,, ) (Scheme ). Flash 
Vaeuufli pviolvsis of (3) Or (4) gives the thiophenone (5; 76%) 
or the pyrrolone (6: 70%). respectively: the instability of the 
lattcr compound either neat or in solution is tcstilllOnv to the 
convenience and efficiency of the pyrolysis method of 
cncrating these ring systems. Transformation into the ethers 
(7) and (8) requires specific O-alkvlation of the enolates 
obtained by treatment of (5) or (6) with base)° The 
combination of a hard alkylating agent (methyl toluene-p-
sulphonate) and a highly polar solvent. dimethylimidazol-
idinone (DM1), gave the required products (7) and (8) in 90% 
yield with no trace of C-alkvlated derivatives. Vilsmeier 
formylation occurs specifically in the 2-position, due to 
activation by both the heteroatom and the methoxy group; 
both (9) and (10) were obtained in 75% yield. The final 
i All new compounds were characterised by their spectra and by 
elemental analysis (solids) or accurate mass measurement (liquids). 
 
 
() 	' C— 	
) ( 
Figu re 1 . (a) General view of t he cat ion (12). ( h) 0 rI liogona I view of 
the cation (12). 
coupling reactions were carried out under standard con-
ditions' I  using krvptopyrrole (2.4 - dimcthvl - 3 -ethvlp'rrolc) as 
a model cv-tinsubstituted pyrrole derivative, to give the 
three-ring systems (II; 72 1%) and (12: 68%). The overall 
yields for the five to six steps from (2) are therefore 30 and 
17%. respectively. 
The results of an X-ray crystal structure determination of 
the prodigiosin analogue (12)+-. are shown in Figure 1. The 
three rings are almost coplanar (despite possible pen - inter-
actions between rings A and B). The configuration of the 
methoxv group is particularly noteworthy, allowing a seven-
membered ring hydrogen bond with the prrole NI-I of ring C. 
It is possible that the configuration of the rings defined by 
hydrogen bonding in this way may be associated with (lie 
biological activity of prodigiosins, which is known I2  to he 
dependent on the presence of the ring Ii rnethoxv group. 
Work is in progress to adapt the synthetic route shown in 
Scheme 1 to other members of the prodigiosin family, 
including the natural products. 13 
Crystal data for: C 15 H, 7N20S PCI0. . M = 461.33. triclinic, 
space uroup PT . a = lO.t)286( 18). b = L0.t)913( 14). c = 12.5266(22) A. 
cv = 109.770(9). 3 = 92.232(9).? = 111.054(6)', U = 1094.6 A [from 
20 values of 57 reflections measured at ±o, (2(1 = 2 -35', K = 0.71073 
A). T = 298 KJ. Z = 2, Dc = 1.399 gcm. 1i(Mo-K,,) = 0.481 mm - 1 . 
A (lark red columnar crystal (0.37 x 0.42 x 1.08 mm) was mounted on 
a Stde STADI -4 four -circle diffractometer. Data collection using 
Mo-K, X-radiation (X = 0.71073 A), w-20 scans, and the learnt-
profile method 7 gave 4031 reflections (20,,,,. 50'), 3735 unique (R, 1 
0.028), of which 3433 with F 6o(F) were used in all calculations. 
Following solution by automatic direct methods, 8 the structure was 
refined by full-matrix least-squares (on F), with anisotropic thermal 
parameters for all non-H atoms: H atoms were included in fixed, 
calculated positions except for those in methyl groups bound to sp 2 
centres where each Me was treated as a rigid group. 9 At final 
convergence, R = 0.0488, R,., = 0.0798, S = 1.387 for 259 parameters, 
and the final AF synthesis showed no feature above 0.56 e A-i. 
Atomic co-ordinates, bond lengths and angles, and thermal par-
ameters have been deposited at the Cambridge Crystallographic 
Data Centre. See Notice to Authors, Issue No. 1. 
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